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SOME NOTES ON THE TERMS “g” AND “INERTIA” 
By M. C. CAMPION, BSc.(Eng. ), Grad.R.Ae.S. 


ParTs I AND II 
INTRODUCTION 
Students (and other newcomers to aircraft design) frequently find difficulty in 
appreciating the meaning of a load given in terms of “g’s” or of an “ inertia load.” 
Since these expressions are in common use they should be fully understood, and it 
is hoped that the following notes may be of some help. 


SUMMARY 
The paper deals in turn with: 
I—Newton’s second law of motion, and the units employed, 
II—the use of “inertia” to reduce a dynamic system to an equivalent static state, 
II1I—the application of this method to an aircraft, 
IV—some consequences of the flexibility of the structure. 
Parts I and II follow, and parts III and IV will be published later. 


I—Newton’s second law of motion 
(i) This states that a body remains in a state of rest or of uniform motion unless 
it is compelled to change that state by the application of external forces. It 
is usually expressed as the equation: 
where P (poundals) is the force applied to a body o m : pounds mass to cause 
f feet per second? acceleration. 
This applies to linear motion, the corresponding equation for rotation about 
the centre of mass being 
‘ P (2) 
where M foot-poundals is the moment applied to a body whose second moment 
of mass is J pounds-feet? to cause an angular acceleration of w radians per 
second’. 
(ii) The weight of a body is the force causing it to accelerate towards the earth: 
where W poundals is the force causing an acceleration of g feet/ second? in a 
body of m pounds mass. The acceleration, g, of a freely falling body, is found 
to be approximately 32.2 feet/second*, hence the weight of a body of one pound 
mass is 32.2 poundals, which is one pound weight. 
(iii) The pound weight is the practical unit of force, so that equation (1) can be 


rewritten as: 

where P is the force in pounds weight, m is the mass in pounds, is f is in 
feet /second?. 


From this equation it can be deduced that a force of one pound weight 
accelerates a body of one pound mass at 32.2 feet/second?, this new unit of 
acceleration being called one “ g.” 

[An alternative deduction, used in aerodynamics, is that a force of one 
pound weight causes one foot/second? acceleration in a body of 32.2 pounds 
mass, the new unit of mass being called one “slug.”] 

(iv) In a similar manner, equation (2) can be written 
M=32.2xI ‘ (5) 
where M is in foot-pounds (the practical unit), J is in " pounds-feet* and » in 
radians / second’. 
From this, gne foot-pound moment can be seen to cause 32.2 


radians /second? acceleration in a body whose second moment of mass is one 
pound-foot”. Since g is 32.2 feet/second*, the new unit of acceleration is One 
“9 /foot,” the significance of this unit being apparent later. 

[The aerodynamic form again retains the unit of acceleration and changes 
the unit of second moment of mass to 32.2 pounds-feet*, or one “ slug-foot?.”] 


Ii—Equivalent static equilibrium 
(i) The force accelerating a body is not reacted by other external forces, and the 


distribution of load in the members of the body cannot be determined by the 
methods used for static structures. If some reacting forces can be found, then 
these methods can be employed. 


(ii) If a force acts at the centre of mass of a rigid body, then every component of 


the body has the same acceleration in the direction of the force. Since the 
force need not be applied to each component, it follows that the accelerating 
force is applied from within the body. 


(iii) When this force acts, the point of application begins to accelerate, tending to 


leave the remainder of the body in its original position, so that relative to the 
moving point, every other part of the body is accelerating in the opposite 
direction, and at the same rate. This tendency is called “inertia,” and the force 
required to produce the inertia acceleration is the “inertia force” on the 
component. 


(iv) If a force P pounds weight acts on a body consisting of a number of components 


of mass m,, m,, m,.... pounds, and causes it to accelerate at n “g’s,” then 
P=n(m,+m,+m,+....) (6) 

The inertia acceleration of each component is n “g’s” in the opposite 
direction, and the inertia forces on the components are P,, P,, P,, and so on, 


where 


so that the total inertia force is 
Hence the applied load can be reacted entirely by the sum of the inertia 
forces on the components and the body is in a state of instantaneous equilibrium. 


(v) The “inertia factor” of each component is the value by which its mass is 


multiplied to obtain the inertia force, and is equal to the acceleration, n. 


measured in “ g’s. 


(vi) For angular motion, the moment, M foot-pounds, causes the body to rotate 


about the centre of mass at 2 “ 9’s/foot,” again tending to leave each component 
in its original position. 

For a component at r, feet from the centre of mass, the tangential 
acceleration is zr, “g’s” and hence the inertia force (if the mass of the 
component is m, pounds) is 2m,r, pounds weight. This has a moment of 
am,r,* foot-pounds (weight) about the centre of mass, and the total “inertia 
moment” is a(m,r,2+m,r.?+ ....) foot-pounds, which is z x (second moment 
of mass), or 2/. 

But the applied moment, M foot-pounds, acting on the body is also /2, 
so that the sum of the moments of the inertia forces on the components is 
equal (and opposite) to the applied moment, thus putting the body in a state of 
instantaneous equilibrium. 


(vii) If the body lies entirely in one plane, then the tangential acceleration at any 


point (due to angular acceleration about an axis in that plane) is always normal 
to the plane. Hence, the linear inertia factor of a component, due to that 
angular acceleration is always normal to the plane and is given by the product 
of the “angular inertia factor,” z (g’s/foot) and the distance of the component 
from the centre of mass. 

The use of the units “g’s/foot” for an angular acceleration can be seen 
from the preceding paragraphs. 

(To be continued) 
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Consult your local B.O.A.C. Appointed Agent about fast Argonaut 
services to the east coast of South America and over the Andes to 
Santiago. He'll tell you about the pressurized comfort of these famous 
four-engined airliners with two roomy cabins and rear lounge. 

He'll also tell you about other B.O.A.C. services to fifty-one 


countries on all six continents. He makes no charge for advice, infor- 


mation or bookings. 


GET THERE SOONER! STAY THERE LONGER! Ps 
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Airways Terminal, Buckingham Palace Road, London, S.W.1. Telephone: VICtoria 2323 
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SILICONES 


are already important to the 


AIRCRAFT INDUSTRY 


Silicones have heat-resisting and water-repellent properties that have 
important applications in the Aircraft Industry. They can be used in the 
form of Liquids, Resins, Greases and Rubbers (Silastic). 


SILICONE FLUIDS are subject to low viscosity changes over wide 


temperature ranges. They are suitable for damping, hydraulic and instrument 
fluids. 


SILICONE RESINS AND VARNISHES are heat-stable and 


water-repellent. They provide electrical insulation that is serviceable at 
temperatures at least 50°C. above Class B limits. 


SILICONE GREASES AND COMPOUNDS are tubricants 


suitable for bearings and valves operating at high and low temperatures. DC4, 
the Ignition Sealing Compound, has many applications. 


SILASTIC is a rubber-like material that remains flexible over the tem- 
perature range of —50° to 260°C. It is suitable for special purpose gaskets, 
and for insulating electrical wires and cables. 


Albright & Wilson are developing the use of silicones in this country. 
They will be glad to send fuller particulars of these products. 


| 
ALBRIGHT & Witson 


LTD 
Distributors of Dow Corning Silicones 


49 PARK LANE - LONDON - W.1 - TEL: GRO. 1311 
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No. 1. Temperature Measuring 


The comprehensive range of Weston temperature measuring 


instruments covers the requirements of existing production aircraft, 
In addition to 


as well as types now under development. 
thermometry for the indication of cylinder, air, oil and radiator 
temperatures, Weston equipment for aircraft includes instruments 


for supply, navigational aid instruments, selector switches, etc. 


Model S. 127. Dual Ratiometer Indicator, com- 
prising two 100° ratiometer movements housed 
in large-size S.A.E. case. For use in conjunc- 


Model S. 128. Dual Engine Temperature Indi- 
bulbs, electrical oil 


cator, comprising two Millivoltmeters of 100 

scale housed in large-size S.A.E. case. For use pressure transmitters, electrical position indi- 

In conjunction with copper/constantan, iron/ cators or any combination of two of these to 

constantan, or chrome/a!umel thermocoup'es. indicate a variety of temperatures, pressures or 
positions 


LIMITED ° Enfield - Middlesex 


SANGAMO WESTON 
Grams: Sanwest, Enfield 


Tel.: Enfield 3434 (6 lines) and. 1242 (4 lines). 


Scottish Factory: Port Glasgow * Renfrewshire - Scotland 
Milburn House, Newcast'e-on-Tyne, Tel.: Newcastle 


Area Depots: 201 St. Vincent St., Glasgow, Tel.: Central 6208. 
22 Booth St., Manchester, Tel.: Central 7904. 33 Princess St., \Wolverhampton, Tel.: Wolverhampton 2191? 
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RELAY 


(Right) Type S.2. (2 Pole 25 Amp.) with 
weatherproof moulded cover. 


(Below) Type S.3. with cover 
removed. 4 Pole 10 Amp. 
changeover. 


PULLIN 


LOW-VOLTAGE HEAVY-DUTY RELAYS 


Pullin relays are used 


by the majority of 
Aircraft Manufacturers in 


addition to Fully approved for 12 or 24 V DC. Compact, 


robust, light in weight. Consumption is 
ii less that 5 Watts. These change-over relays 


THE ADMIRALTY AND are adaptable for operation under many varied 


THE WAR OFFICE conditions. Write for further details. 


R. B. PULLIN & CO. LTD., PHENIX WORKS, GREAT WEST ROAD, BRENTFORD, MIDDLESEX. Tel. EAL 0011/3 3661/3 
15747A 
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TEMPERATURE ‘C 
IC | “PERSPEX’ is the registered trade mark of the acrylic sheet manufactured by I.C.I. 


For Literature and further information apply to 
PLASTICS DIVISION - IMPERIAL CHEMICAL INDUSTRIES 
Welwyn Garden City - Herts. 
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They all approve 
VICKERS-ARMSTRONGS 
AIRCRAFT CHAIRS 


The designer is mainly concerned with the weight 


and shape of a chair. The operator requires a 
chair that will meet the special requirements of 
the routes on his schedule. The passenger must 
have complete comfort whether he wishes to 


relax, read or sit up and admire the view. 
Because Vickers aircraft chairs satisfy everyone, 
B.O.A.C. have chosen them for the Solent Flying 
Boats and Hermes, Comet and Argonaut aircraft. 
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VICKERS-ARMSTRONGS LIMITED + AIRCRAFT 
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Mark 26 Double chair 
w th adjustable footrest 
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Mark 25 Single chair / { } 
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is a hot favourite... 


No wonder there are so many takers for an alloy which combines excellent 

hot working properties with high specific strength—or that ‘ Hiduminium’ RR 56 is now 
established as one of the most popular high-strength alloys in a large field. Produced 

with high uniform quality and free from ingot defects, RR 56 is suitable for a wide range of 


components up to a size limited only by plant capacity. But, no 


matter how large the component, RR 56, like all the other alloys in the ‘ Hiduminium ” 


range. is light in relation to its strength. Many manufacturers 


| ..make light work of with Hiduminium 


AND MAGNUMINIUM 


HIGH DUTY ALLOYS LTD., SLOUGH, BUCKS. Telephone: Slough 21201. INGOT, BILLETS, .FORGINGS, CASTINGS 
y & EXTRUSIONS IN ‘HIDUMINIUM* & *MAGNUMINIUM® (Registered Trade Marks) ALUMINIUM & MAGNESIUM ALLOYS. 
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Do you know your airfields? 


Recognise this airfield? It’s No.2 ofanew 
series of puzzle photographs. You'll find 
the answer upside down below. * 


The Shell BP Aviation Service supplies fuel and lubri- 
cants to twenty-three international air lines and 
countless charter companies, flying clubs and private 
fliers. The service is on duty all the year round at 
twenty-five aerodromes throughout the country. 


Shell BP Aviation Service 


Shell-Mex and BP Ltd., Shell-Mex House, Strand, W.C.2. 
Distributors in the U.K. for the Shell 
and Anglo-Iranian Oil Groups. 
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DATA SHEETS 


ON 


AERODYNAMICS 
STRESSED SKIN STRUCTURES 
PERFORMANCE 


The increasing speed and weight And Now 


of modern aircraft demands the 
best possible materials. More 


FUELS LUBRICANTS 


The strong light Beery : 
mitted Write for full particulars to: 


JAMES BOOTH AND COMPANY LIMITED The Royal Aeronautical Society 
ARGYLE STREET WORKS + BIRMINGHAM + 7 4 HAMILTON PLACE, LONDON, WI. 


With unrivalled manufacturing resources, backed by 
continual research and development and fifty-three 
years’ experience, BTH enjoys an enviable reputation 
fer the quality of its products. Reliability is of prime 
importance on land, but is vital in the air, hence the 
success of BTH aircraft magnetos, and electrical 
equipment including : 

Motor-generating sets with electronic regulators - Gas-operated turbo-starters - 

Actuators + A.C. and D.C. Motors - Generators - Mazda lamps, etc. 


THE BRITISH THOMSON-HOUSTON CO., LTD., COVENTRY, ENGLAND 
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AL-FIN 


INTEGRAL 
BI-METALLIC 
BONDING OF 
IRON AND 

ALUMINIUM 


PISTONS 


OF EVERY 
TYPE FOR 

EVERY 

APPLICATION 


PISTON 
RINGS 
FOR AERO 


SEALING RINGS 
FOR GAS TURBINES 


We shall be glad to hear if you are inter- 
ested in any problem concerning Pistons or 
Piston Rings. AL-FIN Bonding, the newest 
development combining weight saving with 
maximum heat transfer is exclusive to 
Wellworthy in this country. Full details 
will be sent on request. 


WELLWORTHY PISTON RINGS™LTD 
RADIAL WORKS LYMINGTON HANTS 
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E AERONAUTICAL 


THE AERONAUTICAL 


QUARTERLY 


Volume Il MAY 1950 Part l 
CONTENTS 
Two-Dimensional Theory of Chang 
Stiffened Plates O’Chou 


The Whirling of a Spinning 
Top J. Morris 
The Possibility of the Deter- 
mination of Rate of Climb 
from Acceleration Measure- 
ments in Level Flight 
A Note on Subsonic Acrofoil 
Theory J.W. Miles 
Theory of an_ Oscillating Geoffrey 
Supersonic Acrofoil L. Sewell 
The Linearised Theory’ of 
Conical Fields in Supersonic S. Goldstein 


E. C. Pike 


Flow, with Applications to and 
Plane Acrofoils G.N. Ward 
LONDON 


ROYAL AERONAUTICAL SOCIETY 
4 HAMILTON PLACE WI 


10/- 


QUARTERLY 


V in AUCUST 195¢ Part tl 
CONTENTS 
Critical Mach Numbers for 
Swept-Back Wings S. Neumark 
General Performance Reduc- 
tion Equations for Reci- 
procating-Engined Aircraft 
with Constant - Speed 
Propellers Annand 
The Axially - Symmetrical N. H. Johanne- 
Supersonic Flow Near the sen and = 
Centre of an Expansion R. E. Meyer 


Note on the Dependence of 
Flap Hinge Moment Deri- 
vatives on Hinge Position W.J. Duncan 


On the Chordwise Lift Dis- D. Kucheman 
tribution at the Centre of and 
Swept Wings J. Weber 


LONDON - 
ROYAL AERONAUTICAL SOCIETY 
4 HAMILTON PLACE WI 
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One of the de Havilland 
Propeller-Test Tunnels at 


Hatfield. 


The Aeroplane’ vides the men engaged in 
ESSENTIAL aviation with accuralt and up-to-date information 
not only in their parffcular specialised fields, but 
also on progress in allied branches of aeronautical 
SOURCES OF development. _-Factwgl and fully illustrated 
articles deal with research, development, con- 
struction and operatior§ and—taking note of the 
INFORMATION needs of busy men —‘ Tie Aeroplane’ succeeds in 
surveying the wide field of the industry in concise 
® and readable form. 


Fridays, One Shilling 
£3.1.0 a year, 
post free. 


TEMPLE PRESS LIMITED 


BOWLING GREEN LANE, LONDON, E.C.1. TERMINUS 8686 


THE MOTOR * THE COMMERCIAL MOTOR * CYCLING * PLASTICS - THE MOTOR SHIP * THE AEROPLANE 


THE OVERSEAS ENGINEER : THE LIGHT CAR $ THE MOTOR BOAT AND YACHTING 2 LIGHT METALS 


BRITISH FARM MECHANIZATION : MOTOR CYCLING : THE OIL ENGINE AND GAS TURBINE 
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LINKING AUSTRALIA 


PACIFIC ISLANDS 


AND THE EAST 


WITH THE U.K, 


Services: LONDON—SYDNEY via Italy, Egypt, Pakistan, India, Ceylon, 
Singapore and Java by Kangaroo Service, in parallel with B.O.A.C. syDNEY— 
HONG KONG via Labuan. SYDNEY—TOKYO via Manila. sYDNEY—NEW 
GUINEA via Northern Queensland airports. SYDNEY— PACIFIC ISLANDS 
including Lord Howe, Norfolk Island, Noumea and Suva.s YDNEY—A UCKLAND 


(by T.E.A.L.) links with Kangaroo Service. Full details from all travel agents. 


QANTAS EMPIRE AIRWAYS 


TOKYO 
WONG KONG 
Australia’s International 
Airline— Operating 
regular services on PACIFIC ISLANDS 
over 30,000 miles of 


unduplicated air routes AUCKLAND 


(by TEAL) 
SYDNEY 


IN ASSOCIATION WITH BRITISH OVERSEAS AIRWAYS CORPORATION 


\ 
\ 4} 4 
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STRESS OFFICE 
STRENGTH 


Behind this undercarriage and behind the hydraulic 
and pneumatic equipment of this company there is 
a background of design experience, research and 
testing which contributes towards supplying the 


ideal component for the job. 


LECTRO- 
YDRAULICS 


LIMITED 
‘ Main Undercarriage 
WARRINGTON ; for Hermes IV and V. 


Telephone WARRINGTON 2244 


DESIGNERS & MANUFACTURERS OF HYDRAULIC, PNEUMATIC AND ELECTRIC EQUIPMENT 
1.N.931 
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progress... 


LINN 


O. February 19th, 1910, The Bristol Aeroplane 

Company Limited was founded. The “Box-Kite’—first production 
aircraft—began a record of nearly 200 “Bristol” types. Fighter, 
Bulldog, Blenheim, Beaufort, Beaufighter and Brigand are a few 
aircraft names which, with Jupiter, Pegasus, Hercules and Centaurus 
engines, have made “Bristol” a name world-renowned in aviation. 
The Bristol Aeroplane Company Limited points with pride to a 
forty-year record of steady progress achieved largely by the 


encouragement of individual thought and enterprise among its workers. 


THE AEROPLANE COMPANY LIMITED ENGLAND 
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oa THE SOCIETY’S AWARDS 


awards may be obtained on a 


Society’s Gold Medal 

The highest honour which the Society can 
confer for work of an outstanding nature in 
aeronautics. 


Society’s Silver Medal 
Awarded for work of an outstanding 
nature in aeronautics. 


Society’s Bronze Medal 
Awarded for work leading to advance in 
aeronautics, 


British Gold Medal for Practical Achieve- 
ment in Aeronautics 

Awarded for outstanding practical achieve- 

ment leading to advancement in aeronautics. 


British Silver Medal for Practical Achieve- 
ment in Aeronautics 
Awarded for practical achievement leading 
to advancement in aeronautics. 


Wakefield Gold Medal 

Awarded annually, at the discretion of the 
Council, to the designer or inventor of any 
apparatus tending towards safety in flying. 


The George Taylor (of Australia) Gold 
Medal 


Awarded annually, at the discretion of the 
Council, for the most valuable paper read 
during the previous session. 


Simms Gold Medal 

Awarded annually, at the discretion of the 
Council, for the most valuable contribution 
read before, or received by, the Society on 
any subject allied to aeronautics, e.g. 
structures, meteorology, metrology, etc. 


Herbert Akroyd Stuart Memorial Prize 
Awarded at the discretion of the Council 
for the most valuable contribution read 
before, or received by, the Society on applied 
thermodynamics. 


Edward Busk Memorial Prize 


Awarded annually, at the discretion of the 
Council. for the most valuable contribution 
tread before, or received by, the Society on 
applied aerodynamics. 


Orville Wright Prize 


Offered annually for the best contribution 
on some subject of a technical nature in 


Xvii 


The Society offers a number of valuable awards, most of them 
annually. Full particulars of the conditions attaching to these 


pplication to the Secretary. 


connection with aeronautics, which is 
received by the Society and published in The 
Aeronautical Quarterly. 


Pilcher Memorial Prize 


Awarded annually, at the discretion of the 
Council, for the most valuable paper read by 
a Graduate or Student during the previous 
year at any meeting of the Society or its 
Branches. 


Usborne Prize 


Awarded annually, at the discretion of the 
Council, for the best contribution to the 
Society’s publications written by a Graduate 
or Student on some subject of a technical 
nature in connection with aeronautics. 


R. P. Alston Memorial Prize 


Awarded for practical achievement asso- 
ciated with the flight testing of aircraft. 


Major Baden-Powell Memorial Prize 


Awarded to the best entrant in the 
Associate Fellowship Examination. 


Wilbur Wright Memorial Premium 


The Wilbur Wright Memorial Lecture is 
held annually, a premium of £75 being 
awarded to the lecturer, if British, or £125 if 
he is an American, invited by the Council 
to deliver the lecture. The lecture is usually 
given alternately by an American and an 
Englishman, and is the most important 
aeronautical lecture of the year. 


British Commonwealth and Empire Lecture 


The British Commonwealth and Empire 
Lecture is delivered annually by a lecturer 
chosen in alternate years from the British 
Dominions and Colonies and Great Britain. 

The British Commonwealth and Empire 
Lecture has a premium of £50 and in the 
case of lecturers from the Dominions and 
Colonies an allowance is paid towards the 
lecturer’s expenses. 


Branch Prize 


The Council offer an annual prize of 
twenty guineas for the best paper read before 
the Branches during the previous lecture 
session. The prize is open to any member of 
the Society or of any Branch. 


: 


Although ground starting of the jet engines is the normal procedure, these bat- 
teries have been specially designed to start the Comet from inside the aircraft 
when required. On test recently a fully-charged 24-volt set of batteries gave six 
successive starts without any charge during the intervening 5-minute rest periods. 
An exceptional performance for a 60 ampere-hour battery weighing only 523 Ib. 


DAGENITE AIRCRAFT BATTERIES 


PETO AND RADFORD 50 GROSVENOR GARDENS - LONDON’: 
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BELF AST 
President: Professor G. T. R. Hitt, MC., 
M.Sc., M.I.Mech.E., F.R.Ae.S. 
Rear Admiral M. S. SLATTERY, C.B., 
F.R.Ae.S., R.N. (Retd.). 
Secretary: J. A. Kirk, Esq., A.F.R.Ae.S., 
Short Brothers & Harland Ltd., 
Queen’s Island, Belfast, N.1. 
BIRMINGHAM 
President: S. C. REDSHAW, Esq., F.R.Ae.S. 
Secretary: C. P. HOMES, Esq., A.R.Ae.S., 
81 Peplins Way, 
Kings Norton, Birmingham, 30. 
BRISTOL 
President: 


Chairman: 


Air Chief Marshal Sir ARTHUR 
Barratt, C.M.G., M.C. 
Chairman: F. H. Esq., F.R.Ae.S. 
Hon. Secretary: J. M. HAHN, Esq., 
Structures Dept., Aircraft Division, 
Bristol Aeroplane Co. Ltd., 
Filton, Bristol. 
BROUGH 
President: R. BLACKBURN, Esq., O.B.E., 
A.M.LC.E., M.I.Mech.E., F.R.Ae.S. 
Chairman: G. E. Petty, Esq., M.1I.Mech.E., 
F.R.Ae.S. 
Secretary: F. A. WILKINSON, Esq., A.F.R.Ae.S., 
Design Office, 
Blackburn & General Aircraft Ltd., 
Brough, E. Yorks. 
COVENTRY 
President: H. M. Woopuams, Esq., C.B.E., 
Chairman: W. J. PETERS, Esq. [F.R.Ae:S. 
Secretary: C. T. SCULTHORPE, Esq., A.F.R.Ae.S., 
Design Dept., 
Sir W. G. Armstrong Whitworth Aircraft 
Baginton, Coventry. [Ltd 
DERBY 
President: E. W. Hives, Esq., C.H., M.B.E., 
Chairman: A. G. Et.iott, Esq., C.B.E., 


Secretary: J. L. BATCHELOR, Esq., A.R.Ae.S., 
154 Littleover Lane, Derby. 
GLASGOW 
Chairman: T. B. Lyon, Esq., A.F.R.Ae.S. 
Secretary: G. YOUNG, Esq., B.Sc., M.1.Ae.S., 
c/o Design Office, 
Scottish Aviation Ltd., 
Prestwick Airport, Ayrshire. 
GLOUCESTER AND CHELTENHAM 
President: A. L. MILNER, Borys Wh.Sc. 
LC.E.. F.R.Ae.S. 
Chairman: R. W. on F.R.Ae.S. 
Secretary: C. E. Hutt, Esq., 
c/o S. Smith & Sons Ltd., 
Bishops Cleeve, Cheltenham. 
HALTON 
Station Headquarters, Royal Air Force, 
Halton, Aylesbury, Bucks. 
HATFIELD 
President: 
A 


Chairman: J. E. WALKER, Esq., A.F.R.Ae.S. 

Secretary: E. J. MANN, Esq., A.M.I.Mech.E., 
de Havilland Aircraft Co. Ltd., 
Hatfield, Herts. 


F.R.Ae.S. 
F.R.Ae.S. 


[A.F.R.AeS., 


Sir GEOFFREY DE HAVILLAND, C.B.E., 
, R.D.I., Hon.F.1.Ae.S., F.R.Ae.S. 


[A.R.Ae.S. 
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OFFICIALS OF THE BRANCHES OF THE SOCIETY 
IN THE UNITED KINGDOM 


| ISLE OF WIGHT 


President: Sir ARTHUR GouGE, B.Sc., 
M.I.Mech.E., F.R.Ae.S. 
Chairman: H. KNOwLER, Esq., A.M.I.C.E., 


F.R.Ae.S. 
Secretary: P. H. CuRNow, Esq., Grad.R.Ae.S., 
Design Office, 
Saunders-Roe Ltd., Osborne, I.o.W. 


LEICESTER 
Chairman: W/Cdr. H. E. FALKNER, A.F.R.A 
Secretary: F. WATKIN, Esq., B.Sc., A.F.R.A 
Auster Aircraft Ltd., 
Rearsby, Leicester. 


eS. 
e.S., 


LUTON 
Chairman: S. A. CLARKE, Esq., A.F.R.Ae.S. 
Secretary: P. A. DRILLIEN, Esq., A.R.AeS., 


c/o D. Napier & Son Ltd., Luton, Beds. 


MANCHESTER 


President: Sir Roy H. Dosson, C.B.E., J.P., 
F.R.Ae.S. 
C. E. FIELpInG, Esq., O.B.E., 
M.1.P.E., A.F.R.Ae.S. 
Secretary: J. A. E. WATERFALL, Esq., 
56 Manor Avenue, 
Ashton-on-Mersey, Cheshire. 


PORTSMOUTH 
President: A. TOWNSLEY, Esq. 


Chairman: 


Chairman: E. C. GREEN, Esq. 
Secretary: E. M. BELLAMY, Esq., 
c/o Airspeed Ltd., The Airport, Portsmouth, 
Hants. 
PRESTON 
President: Sir GEORGE NELSON, 
M.I.Mech.E., M.ILE.E. 
Secretary: D. B. SmitH, Esq., O.B.E., M.A., 
A.M.1.Mech.E., A.F.R.Ae.S., 


English Electric Co. Ltd., 
Aircraft Division, 
Warton Aerodrome, Nr. Preston, Lancs. 


READING 
President: Sir FREDERICK HANDLEY PAGE, 
Hon.F.R.Ae.S. 
Chairman: E. W. Gray, Esq., "BSc., 
A.M.LMech.E., A.F.R.AeS. 
Secretary: E. L. PEARSON, Esq., AR. AeS., 
c/o Handley Page (Reading) Ltd., 
The Aerodrome, Woodley, Reading, Berks. 


SOUTHAMPTON 
Chairman: A. N. CLIFTON, Esq., F.R.Ae.S. 
Secretary: T. TANNER, Esq., A.F.R.Ae.S., 
University College, Southampton, Hants. 


WEYBRIDGE 
President: G. R. Epwarps, Esq., M.B.E., 
B.Sc., F.R.Ae.S. 
Chairman: H. H. GarDner, Esq., B.Sc., 
F.R.AeS. 


Secretary: J. H. Sincvair, Esq., A.R.AeS., 
Vickers-Armstrongs Ltd., Weybridge, Surrey. 
YEOVIL 
Secretary: L. A. LaNspown. Esq.. A.F.R.Ae.S., 
Westland Aircraft Ltd., Yeovil, Somerset. 
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Airwork Viking over the 
Nile North of Khartoum 


“AIRWORK LONOON 


aircraft ; 66 seasoned pilots ; 30 other crew as well as 
team | of efficient air Mastesses. “Backed by the organisation’ s own 


‘AIRWORK LIMITED + 15 CHESTERFIELD STREET LONDON + TEL.: GROSVENOR 4841 
Also at: Gatwick Airport, Horley, Surrey. Blackbushe Airport, Nr. Camberley, Surrey. Langley Aerodrome, Bucks. Heston 
Airport, Middlesex. Loughborough Aerodrome, Dishley, Leics. Perth Aerodrome, Perthshire. Renfrew Airport, Renfrewshire. 


1 
publis 
origin. 
paper 
COPY 
Scien 
obtail 
letter 
MAN 
only, 
form 
pape 


begit 
refer 


end 
conc 


ILL 


that 
All 


flat 


OR 
yet another important section of the = 
world-wide organisation of Airwork Limited. With 
ts home base at Blackbushe Airport, Surrey, Airwork 
ang sections —an aavantage rew Tirms can MA 
it is able to provide all-in, self-contained service unrivalled for smooth- 
and dependability of operation. Outcome of eighteen years’ wri 
planned development, Airwork Charter Division forges yet another bel 
te link in a progressively developed chain of closely inter-related services 
appeal especially to all inte -term charter she 
Transpo Contracting @ Contract Charter Flying @ Servicing and Maintenance of Aircraft ov 
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THE ROYAL AERONAUTICAL SOCIETY 


PAPERS FOR THE JOURNAL 


The Council have set aside an annual sum of £250 for the award of premiums for papers 
published in the JOURNAL. Both members and non-members are invited to contribute 
ofiginal papers on their own special subjects. The following notes on the preparation of 
papers for the JOURNAL are given to assist contributors : — 

COPY RIGHT 

The copyright of every paper printed in the JOURNAL shall be the property of Aerial 
Science Limited. If the author makes use of copyright material in his paper or information 
obtained by reason of his employment or otherwise, he must state clearly in his covering 
letter, or in the paper, that consent has been given for the use of such material. 


MANUSCRIPTS 

Papers must be in English, in the third person, and typed on one side of the paper 
only, with double spacing and wide margins. When submitted they must be in their final 
form for publication. Only typographical errors may be corrected in proofs. Titles of 
papers should be brief. 

Where practicable, a summary of not more than 250 words should be given at the 
beginning of the paper, giving its scope and conclusions. 

All references should be numbered in the text where they occur, and the complete list of 
references given at the end of the manuscript. These references will be published at the 
end of the text. Footnotes should be numbered consecutively. Tables should be kept as 
concise as possible. 


ILLUSTRATIONS 
Illustrations must be drawn so that they will reduce to column or two-column width, 


that is to 2$ or 54 inches. Full page illustrations must reduce to 5} inches by 8 inches. 
All drawings must be in black ink on white paper or tracing cloth. 

Lettering and figures on drawings must be in pencil only. Drawings should be posted 
flat or rolled. 
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by 
R. E. BISHOP, C 


The 794th Lecture to be read before the 
Royal Aeronautical Society was given on 
dnd March 1950 at the Institution of Civil 
Engineers, Great George Street, London, 
§W.1. Sir John S. Buchanan, C.B.E., 
F.R.Ae.S., President of the Society, intro- 
duced the Lecturer, Mr. R. E. Bishop, C.B.E., 
F.R.Ae.S., Chief Designer, and a Director of 
The de Havilland Aircraft Co. Ltd. 


poere is nothing new in attempting to 
design an aircraft to give trouble-free 
service. This has always been one of the 
major parts of a designer’s job. In recent 
years there has been a lot of talk about 
improving design from the maintenance point 
of view and suggestions for “ maintenance 
cells” in drawing offices. I would suggest 
that if aircraft have become too difficult to 
maintain, it is not entirely due to lack of 
appreciation of the problem in the drawing 
office, but mainly to the great increase in 
complexity of the modern aircraft, particu- 
larly in the past 10 years. A great deal of 
this complication is due to equipment and 
automatic gadgetry. The remedy rests to a 
large extent with the people who specify this 
equipment and to some extent with the 
designer, who seems to have been far too 
willing to accept any “ requirement ” without 
first having satisfied himself that it is in the 
best interests of the aeroplane as a whole. 

When it is realised that between 25 and 40 
per cent. of the total direct operating costs 
of an airline are due to maintenance, quite 
apart from the losses due to machines not 
being serviceable when required, it at once 
becomes apparent that there is a very 
worth-while gain to be had from a real 
improvement in serviceability of transport 
aircraft. 


DRAWING OFFICE OUTLOOK 


Lam convinced that the proper outlook on 
maintenance must be instilled ii.to everyone 
in the drawing.office from the start. It is not 
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a thing that can be achieved in five minutes, 
but is part of a draughtsman’s training. It 
is no substitute to have a maintenance expert 
in the drawing office, although a sufficiently 
experienced airline maintenance engineer can 
be of great value as a consultant. I am a 
great believer in the old fashioned system of 
training, that is, two or three years in the 
works before going into the drawing office. 
I do not believe that this period can be 
skipped if a man is to become a competent 
designer. It is most important that designers 
and draughtsmen should be in constant touch 
with the shops and service department so 
that they may see the troubles which occur 
in the parts that they have designed. 

At one relatively slack period some years 
ago my firm went so far as to put several 
of our most senior designers in the shops for 
three months to work on the assembly of 
the components that they had designed. I 
am sure the people concerned would agree 
that this time was not wasted. Occasional 
visits to the maintenance shops of the 
operators is also of great value. There is 
nothing like personal contact between the 
designer and the people who are running and 
maintaining aircraft; second hand informa- 
tion is not the same thing. Also, reports from 
the service department should be made 
available to designers and draughtsmen so 
that they can see what items give trouble in 
service. 


LIAISON WITH OPERATOR DURING 
DESIGN 


If the best results are to be obtained it is 
of the greatest importance that designers 
should be in close touch with the engineering 
and maintenance departments of the airline 
or airlines for which the machine is being 
designed. It is not sufficient to rely on some 
published book of requirements. A large 
proportion of these are sure to be out of date 
or do not refer to the problem in hand. 
There seems to be a certain amount of feeling 
among maintenance engineers that they are 
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not consulted during the design stage of an 
aeroplane. As far as my own firm is con- 
cerned it has certainly been our policy for a 
long time to consult our own service depart- 
ment and operators’ engineers throughout the 
design. 

It is important to realise, however, that 
there are a great many considerations in the 
design of an aeroplane, most of them con- 
flicting. It is no good having the perfect 
machine for maintenance which carries no 
payload. From experience I have found that 
there are few people who are capable of 
giving constructive criticism during the early 
scheme stage of a design. Criticism is of 
little use to the designer after the aeroplane 
has flown. 


During the design of the Comet we have 
had a senior maintenance engineer of British 
Overseas Airways Corporation stationed at 
Hatfield, who has been available to people 
in the design office for advice on maintenance 
features. This scheme has worked well, 
although it is obviously largely dependent on 
the personality of the man; also it is 
important to realise that this function is 
entirely advisory. The final decision must 
be the designer’s. 


DIFFERENCE BETWEEN MILITARY 
AND CIVIL AIRCRAFT 


In this paper I shall talk mainly about civil 
transport aircraft, but before doing so it 
might be worth considering for a few 
moments the differences between the civil 
transport and the operational military types, 
from the point of view of maintenance. 


The first and most outstanding difference 
is in the amount of flying done by the two 
types. A modern civil transport aircraft will 
probably have to last for 10 years, and fly 
between 2,000 and 3,000 hours a year, that 
is a total life of 20,000 to 30,000 hours. The 
average life of a fighter during the last war 
was between 40 and 50 hours, whereas the 
operational fighter or bomber of today, even 
in peacetime, will probably have a total flying 
life of no more than 400 to 500 hours. These 
times do not apply to Transport Command 
aircraft or to trainers, and probably not to 
most types used by Coastal Command, which 
do long periods of patrol. 

It is at once evident that the whole 
problem of design for maintenance presents 
an entirely different aspect in the two classes 
of aircraft. 
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With transport aircraft, the life of com. 
ponents and wear of the aircraft generally 
become very important. The aim will be to 
keep the machine flying every day, thu 
putting a premium on the ability to change 
components quickly. The military aircraft, 
however, will spend long periods on the 
ground. Even in wartime a military aircraft 
would spend a great deal of its time on the 
ground between relatively short periods of 
intense activity. 

Facilities for the maintenance of military 
aircraft, especially under wartime conditions, 
are much inferior to those available to the 
civii operator. Servicing often has to be 
done under appalling conditions. Personnel 
also, of necessity, are far less skilled because 
of the enormous expansion of the R.AF, 
inevitable in wartime, and to the need to use 
National Service men in peacetime. It would 
seem logical, therefore, to cut down to the 
minimum the amount of maintenance to be 
done by the squadrons of operational 
military aircraft. How far this can be 
achieved is a matter of some doubt. If it 
were possible to eliminate all maintenance 
from the squadrons so that the only work 
done would be refuelling and topping up of 
the various systems, and routine oiling and 
greasing, the gain in man power would be 
great and also, in my opinion, the service- 
ability of the aircraft. 


I believe it should be possible with the 
modern jet fighter to make the airframe 
function satisfactorily for say, 100 hours, 
without any attention other than routine 
refuelling and greasing. The propeller is 
eliminated from this class of aircraft and the 
straightforward pure jet engine is a very 
reliable power unit, at any rate certainly up 
to the periods under discussion. There is 
nothing much that can be done to these 
engines, they either go on working or the 
engine is changed, so that the determining 
factor is likely to be the equipment and com- 
ponents of the aircraft systems. The whole 
airframe, and particularly instruments and 
radio sets, has a much easier time in a jet 
aircraft because of the lack of vibration. 

With a new outlook on life testing of 
components and all items of equipment, it 
should be possible to make each item capable 
of functioning for 100 hours or six months, 
whichever is the less, without attention. 


Surely it should not be necessary to remove 
guns from an aircraft every time they are 
fired. Radio and radar sets give far too 


be r 
F sold 
metl 
low 
a pl 
: for 
doe: 
| mot 
stru 
cou 
syst 
/ atte 
the 
to | 
dai 
ove 
str 
; in 
un 
: 
we 
fus 
the 
Tel 
| us' 
te 
{ sa 
hi 
de 
NY 
th 
a 
4 


com. 
nerally 
be to 
, thu 
>hange 
rcraft, 
mn the 
ircraft 
on. the 
ds of 


ilitary 
itions, 
the 
to be 
sonnel 
cause 
AF, 
tO use 
vould 
O the 
to be 
tional 
n be 
If it 
nance 
work 
up of 
and 
ld be 
‘vice- 


1 the 
rame 
ours, 
utine 
is 
1 the 


very 
y up 


DESIGN FOR MAINTENANCE 


much trouble and are continually having to 
be removed from the aircraft. This, to my 
mind, is largely due to such things as 
soldered connections and terminals with no 
method of locking; in fact, generally a very 
low standard of detail design which would 
not be tolerated in the aircraft structure. 


At the end of this 100-hour flying period 
I would suggest that the machine be sent to 
a properly equipped and manned workshop 
for a major overhaul where, as the machine 
does not have to be on service the next day, 
more time can be spent in dismantling the 
structure to get at components for check than 
could be tolerated in a civil transport air- 
craft. 


What I have in mind is that the com- 
ponents of, for example, the hydraulic 
system, should run for 100 hours with no 
attention whatever, other than the filling of 
the system. While it might not be possible 
to get at the components of the system for 
daily maintenance, at a major, say 100 hour 
overhaul, it may be necessary to remove 
structural panels from the airframe and also, 
in order to provide access to the hydraulic 
units, to remove other items of equipment, 
all of which might take several days. 


With future types of fast military aircraft 
we shall have very thin wings and slim 
fuselages and it may be impossible to provide 
the same degree of accessibility for easy 
removal of components that we have been 
used to in the past. I would suggest that 
much of this equipment can be built-in and, 
provided that it is properly developed and 
tested, it should be capable of functioning 
satisfactorily between major overhauls. To 
achieve this desirable state of affairs a much 
higher standard of reliability will be 
demanded from equipment and systems, 
particularly from all items of electrical 
equipment. 


More emphasis would probably have to be 
placed on intensive flying of two or three 
early production aircraft, if possible under 
Service conditions, using the equipment in 
the aircraft as it would be used in actual 
operating conditions. In other words, guns 
and rockets, radio and radar, would be used 
during these tests, as it is well known that 
an aeroplane can be flown round an aero- 
drome for months without showing up the 
troubles which quickly develop as soon as 
the machine is used under Service 
conditions. 


I realise that the danger of this scheme is 
that it may tend to produce an inflexible 
design, one which cannot make use of the 
latest radar and other military equipment 
which may be developed during the Service 
life of the machine. It may not be possible 
to go as far as I have suggested, but it would 
appear to be quite possible to produce a 
fighter in which the main structure of the 
airframe, including the undercarriage and 
power plant, hydraulic and basic electrical 
systems, would function without attention 
for 100 hours. 


DESIGN FEATURES AFFECTING SER- 
VICEABILITY OF TRANSPORT 
AIRCRAFT 

(a) Choice of engines 

First and foremost is the choice of the 
engine, as the best aeroplane will be ruined 
by an unreliable engine. This, in general, so 
far as civil aircraft are concerned, means 
using an existing engine or a development of 
an existing engine, or at best a new engine 

based on considerable past experience of a 

similar engine and not a radical departure. 


It is often said that no engine is fit for 
civil use until it is obsolete. There is the 
danger that the aircraft designer, in his 
natural desire to improve the efficiency of his 
aeroplane, will press the engine designer too 
far in such things as improved fuel con- 
sumption, with the result that this improve- 
ment is achieved at the expense of more and 
more complexity in the engine. The most 
efficient engine is no use unless it can be 
maintained at reasonable cost and is reliable 
in service. 


(b) Layout of machine 


In general a low-wing layout is better from 
a servicing standpoint than a high wing, since 
engines and refuelling points are more 
readily accessible without the use of steps. 
A large part of the wing and main under- 
carriage can be reached for inspection and 
maintenance without having to make use of 
ladders. The short undercarriage made 
possible by jet engines helps to achieve this 
desirable feature of an aeroplane which is 
low on the ground. The low-wing layout 
has considerable advantages from the point 
of view of installation of control cables, 
hydraulic pipes, electric cables and equip- 
ment, and so on, all of which can be run 
under the cabin floor and be accessible for 
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Figures 1 to 6 (above) and Fig. 7 (opposite) illustrate the accessibility of the Dove for ease 
of maintenance, without the use of steps. 
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Fig. 7. 


inspection and maintenance through doors in 
the underside of the fuselage, without having 
to disturb cabin upholstery. Also, it 
obviates the need for maintenance personnel 
to work in the passenger cabin. 


Pressure refuelling, while admittedly 
adding complications, has a great advantage 
in that it avoids people climbing on the 
wings to refuel the aircraft through filler caps 
on top of the wing, which under bad weather 
conditions is an unpleasant, and possibly 
dangerous, operation. Pressure refuelling is 
particularly necessary for jet transports 
where the amount of fuel carried is probably 
double that needed for a piston-engined 
aircraft. 


(c) Unhanded components 


Every effort should be made to avoid 
“handing” major components, such as 
undercarriages, brakes, elevators, tailplanes, 
complete power plants, fuel and oil tanks. 


(d) Break down 


The position of service joints in the main 
structure can be of considerable importance 
to the operator; my own choice, if possible, 
is for a wing joint at the side of the fuselage. 
This allows wings and fuselage to be 
transported more easily than the more con- 
ventional stub wing which is more or less 
permanently attached to the fuselage. 
Damage in a bad landing is usually confined 
to the area round about the main under- 
carriage. If the undercarriage is attached 
to a stub wing this may involve removing the 
stub from the fuselage, which is usually a 
big job involving a great deal of dismantling 
of controls, piping, electric cables and main 


structure. On larger aircraft it may be 
necessary to put another joint in the wing, 
approximately half way along the semi-span, 
to enable a unit of the wing to be handled 
and transported. To achieve this object a 
certain amount of weight in wing joints is 
worth while on civil aircraft. When we get 
to the very large transport aircraft the 
question of joints has to be reconsidered 
because of the impossibility of transporting 
spare units. 

Before the war we had an Albatross which 
damaged a wing at Tunis. The Albatross 
had a wooden wing in one piece from wing 
tip to wing tip, so that although the damage 
was outboard of the engines a repair had to 
be made on the spot. A working party was 
sent out and the repair took something like 
two months, during which time a valuable 
aircraft was out of action. 


(e) Accessibility—component change 


The modern airline technique is to change 
the component or item of equipment which 
has given trouble or has reached its service 
life. No attempt is made to service the 
component in position on the aircraft. This 
obviously means providing good accessibility 
to items which may have to be changed. 
Ideally, it should be possible to remove any 
item of equipment without having first to 
disturb other structure or piping to obtain 
access to the item to be removed. It is 
important that the minimum number of 
attachment bolts should be used and, if 
possible, sub-assemblies which can be bench- 
tested before installation in the aeroplane 
should be provided. It is desirable to 
separate routine maintenance and charging 
points, so that a number of men can work 
on the machine at the same time without all 
being crowded into one small space 
(Figs. 1-7). 

With large pressure cabin aircraft, it may 
be difficult to provide a large number of 
access doors and it may be better to allocate 
a part of the underfloor area to an equipment 
compartment, where the majority of such 
things as pressure cabin valves, re-circulating 
fans, electrical equipment, and hydraulic 
units, can be installed without the need to 
off-load luggage and remove the linings of 
baggage compartments to reach these items 
for adjustment or replacement. This scheme 
of a separate equipment bay is only attractive 
if proper access can be provided and a 
number of men can work at the same time 
without getting in one another’s way. An 
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additional advantage of such an arrangement 
is that access to this equipment compartment 
can be provided in flight through a trap door 
in the cockpit floor, thus enabling the crew 
to reach items of equipment in flight. 

The cockpit requires great care; only two 
or three men can work in this area at the 
same time. Where possible, items of equip- 
ment needing adjustment and _ frequent 
replacement should not be installed in the 
cockpit. Hinged instrument boards are a 
good feature, especially in pressure cabin 
aircraft where access to the back of the 
dashboard is difficult. 

When all the items of equipment are 
known it is relatively easy to make a clean 
cockpit. It is the changes in equipment and 
radio which are continually being made 
during the design stage and throughout the 
life of the aircraft, which often spoil what 
was to start with, a good cockpit layout. 


(f) Complexity 

Undoubtedly aeroplanes will get more 
complicated as time goes on; this has always 
been so with any form of transport vehicle 
and will certainly continue, but I suggest it 
should be a proper, orderly development 
with no new piece of equipment being used 
until a real need for it has been established 
and the cost both in development and extra 
maintenance assessed and found to be worth 
while. 

Airline operators and air staffs have been 
far too much inclined to ask for every con- 
ceivable piece of complicated automatic 
equipment, without apparently having given 
much consideration to its effect on the main- 
tenance of the aircraft. Advice is often taken 
from scientists who have little appreciation of 
the difficulties of making equipment really 
reliable, and who regard any piece of 
mechanism, however complicated and 
untried, as merely a piece of “ ironmongery,” 
which they conveniently assume will work. 


There are indications that the airlines are 
beginning to realise the need to throw out 
some of the gadgets. In a recent excellent 
article, Mr. Koepenich, Chief Engineer of 
T.W.A., stated that of the total maintenance 
cost of a modern four-engined aircraft 
(excluding engine maintenance), 95 per cent. 
was due to equipment, systems and auto- 
matic gadgets, and only 5 per cent. to the 
basic airframe. A large proportion of the 
95 per cent. was accounted for by electrics 
and electronics. 
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Fig. 8. 
An electric actuator. 


One of the latest types of transport aircraft 
to go into service has nearly 900 electric 
units, such as actuators, solenoids, relays, 
pressure transmitters, electric motors, and so 
on, in addition to 10 combustion heaters 
spread over various parts of the aircraft. It 
would appear that this sort of over-complica- 
tion must put the maintenance engineer in an 
impossible situation. Perhaps the engineering 
personnel of the airlines have not had enough 
say when the airlines’ requirements have been 
drawn up for these aircraft. 


(g) Remote operation of components 


There is no doubt in my mind that the 
best method of operating anything remotely 
is by cable or mechanical linkage. Power 
should only be resorted to where loads are 
too great for manual operation. It is a 
temptation to the designer to put in electric 
actuators, solenoid switches (Fig. 8), and so 
on. This is the easy way out; it is much 
more difficult to design good cable runs than 
to put in a few electric wires. An electric 
actuator is a complicated, rather fragile, 
mechanism with limit switches, slipping 
clutches, and indicator lights to show that it 
has functioned, and almost needs a second 
indicator in case the first one fails. A cable 
control is capable of being used to inter- 
mediate positions; it needs no indicator, 
since the operating lever is its own position 
indicator. In general once this type of 


control is properly installed, it needs little 
maintenance and is a thoroughly reliable 
method of operation which can be used on 
vital systems without the chances of failure 
so often associated with small electric units. 
We are all familiar with the continual trouble 
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on many different types of aircraft, with 
undercarriage lights. Undoubtedly, some of 
this trouble has been due to bad installation 
and to the fact that the micro switches have 
to work, very often, covered in mud. The 
fact remains that these micro switches have 
been a continual source of trouble. I believe 
one of the main reasons has been lack of 
proper development of the units. They may 
work well under ideal conditions when 
perfectly installed, but fall down when 
required to work under bad conditions. 


On the Comet we have gone for 
mechanical indicators in the cockpit for the 
main undercarriage and nose wheel. These 
indicators are operated by cables from the 
undercarriage radius rod locks. They have 
been a lot of trouble during the design stage 
but | believe they will give a completely 
reliable indication of undercarriage position 
throughout the life of the aircraft. 


The foregoing arguments apply with even 
greater force to electronics. They are far 
too attractive on paper to the aircraft 
designer. There seems to be nothing that 
cannot be done by a little black box with a 
few valves in it. Unfortunately, as the 
design progresses this one small box has a 
habit of becoming several, much larger and 
heavier boxes. However, the real trouble 
starts when the aeroplane gets into service. 
The recent difficulty with electronic auto- 
matic pilots is an example. One is told that 
in one particular type of automatic pilot, if 
a valve fails under certain circumstances, it 
is quite possible for the auto-pilot to put on 
full rudder, aileron and elevator, all at the 
same time. This automatic pilot, incident- 
ally, is not of British design. 


In my opinion, there is need for a great 
deal of development in the small electrical 
equipment designed especially for aircraft. 
Until recently there were no firms in Great 
Britain specialising exclusively on aircraft 
electrical equipment as there were for 
hydraulic equipment. 


Some of the responsibility for the unrelia- 
bility of electrical equipment must be shared 
by the aircraft designer, who in the past has 
pushed the electrical engineer to produce 
smaller and lighter equipment without 
enough regard for reliability. We may have 
to accept a slight penalty in weight to obtain 
areally serviceable component, provided that 
Weight is not wasted, as so often happens in 
the design of most items of equipment by 
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the use of brass or steel when duralumin 
could be used. 

It is the easiest thing in the world to make 
an aeroplane complicated. One is continu- 
ally faced with the situation of having to 
add still more complications to an already 
complex unit to make _ the _ original 
components function. When this state of 
affairs is reached it is usually worth while 
starting again, in an endeavour to reach a 
simpler solution. 

An excellent example of equipment 
becoming too complicated was provided by 
the cabin blower of the Comet. Originally 
we intended to have two separate centrifugal 
blowers driven by pairs of engines on each 
side of the aircraft. As the design progressed 
this blower became a three-stage blower 
running at 30,000 r.p.m. driven by shafts 
rotating at 7,000 r.p.m. through a free wheel 
device, so that in the event of one engine 
failing the drive would be from the remain- 
ing engine. The final drive to the blower was 
through a fluid clutch, which in turn needed 
its own oil cooler. All this was to be 
controlled by an electronic box of tricks. 
Having arrived at all this it became fairly 
obvious that the thing would never work or, 
at best, would need a great deal of develop- 
ment and would always be a serious head- 
ache to the maintenance engineer. This was 
the time to sit back and make quite certain 
that there was no other simpler way of doing 
the job. The most obvious one seemed to 
be to tap the main engine blower. There 
was at that time, and probably still is, a 
regulation which prohibited tapping the 
engine blower for cabin pressure. Although 
this regulation existed, we thought that it was 
not necessarily correct and since there 
seemed to be good reasons why such a 
scheme might work, it was tried out on the 
test bed and in a Ghost Vampire, tapping 
the correct amount of air needed for the 
Comet, with complete success. The whole 
system is working well in the Comet to date, 
with a very great gain in simplicity. 

Incidentally, this illustrates the folly of 
attempting to make _ regulations before 
enough experience has been gained to know 
that they are either necessary or feasible. 

Another fruitful source of complication is 
the gentleman who says “ What happens if 
.... In other words, who tries to cover 
every conceivable likely and unlikely type of 
failure and endeavours to improve the 
situation by the addition of still another piece 
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of equipment to cover the case of failure in 
the original unit, instead of developing and 
testing properly the first unit and so ensuring 
that it will not fail. The result is that we 
arrive at something which is so elaborate 
that although it is supposed to cope with 
every possible type of failure, because of its 
complexity it is almost bound to fail. 

This type of thing is particularly prone to 
happen when some new item of equipment is 
being introduced, on which there is no long 
background of experience on which to rely, 
such as power-operated controls. This sort 
of decision is perhaps one of the most diffi- 
cult that a designer has to make, whether to 
duplicate or even triplicate in case of a 
failure, and so make failure much more 
likely; or whether to make the basic scheme 
thoroughly reliable by development, so that 
it will not fail. 


In addition to the maintenance difficulties 
caused by over-complicated equipment, there 
is the actual danger caused by failure of these 
units. For example, there is the case of a 
civil air liner which was taking off on full 
load, at night, in bad weather, when soon 
after take-off a fire-warning light flashed, 
indicating a fire in a baggage compartment 
under the floor. The pilot turned back and 
made an emergency landing at a weight 
considerably above his normal maximum 
landing weight, in very bad conditions, only 
to find that there was no fire, but an electrical 
fault in the indicating circuit. Had provision 
been made in the aircraft for access in flight 
to the luggage compartment it might have 
been possible for the crew to have made sure 
that there was, in fact, a fire before making 
an emergency landing. Until such time as 
really reliable fire and smoke detection 
devices are available, it would seem prefer- 
able to make use of the human nose which, 
after all, is not a bad smoke detector. 


TESTING 


If the future civil transport aircraft is going 
to be made into a reliable vehicle and one 
that can be maintained at a reasonable cost, 
it seems to me that we shall have to do a 
great deal more testing of systems and 
components during the design stage of the 
machine. 


System testing 


The aim should be to reproduce on the 
ground the complete system with all pipe 
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and cable runs of the correct length and 
disposition. As far as possible, operating 
conditions should be simulated. 


It may be impossible to put a complete 
system rig in a cold chamber, but it is usually 
possible to test sections of the system and 
individual components under cold conditions, 

Every conceivable type of failure should 
be simulated on this test rig. In this way it 
should be possible to eliminate, during the 
time that the first aircraft is being built, the 
majority of the troubles which would have 
occurred in service if this testing had not 
been done. 

An example of what can be done in this 
way is provided by the Dove pneumatic 
system for undercarriage and flap operation 
and brakes. We had no experience of 
pneumatic operation, so a rig was produced 
with the main undercarriage and nose wheel 
using the actual parts. Flap jacks were 
loaded to give the correct hinge moments, 
all pipe lines were the correct length, air 
compressors were driven by small motors, 
and the whole rig was functioned in a cold 
chamber. The first results were entirely 
unsatisfactory and many of the components 
which had been supplied to us as suitable for 
operation at low temperatures were found to 
be quite useless at —20° C. After consider- 
able development we were able to produce a 
system for the aircraft which has_ been 
reasonably trouble-free. 


Component testing 


Although it is probably not possible to 
represent completely flight conditions on a 
ground test, it is undoubtedly true that a 
great deal more can be done than has been 
the practice in the past 

In my view a large part of the responsi- 
bility for life testing of components rests with 
the equipment suppliers. It is becoming 
increasingly necessary for the aircraft 
designer to be in very close touch with the 
equipment supplier and to give him as good 
an idea as possible of the conditions under 
which the equipment will have to function, 
and to help to lay down a testing schedule 
which is as representative as possible of 
operating conditions. The days when the 


prototype aeroplane was used as the guinea 
pig by the manufacturers of equipment are 
past. The cost of the modern transport 
aircraft is so great that neither the manu- 
facturer nor the operator can afford to have 
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a machine out of action because some small 
item of equipment has not been properly 
developed. I look forward in the very near 
future to the time when a designer will refuse 
to fit a piece of equipment to a new aircraft 
unless the component manufacturer is 
prepared to guarantee a reasonable life for 
that component. The operator may have to 
face some increase in the price of equipment 
to cover this testing but, in my view, he will 
be willing to do so if he can be sure that, in 
effect, he is buying reliability. 


COMPARISON BETWEEN PISTON- 
ENGINED AND JET TRANSPORTS 


If we assume that many of the future civil 
transport aircraft will be powered with jet 
engines or propeller-turbines, it might be of 
interest to try to compare these aircraft, from 
the maintenance standpoint, with the present 
breed of large civil aircraft on which the 
airlines of the world depend for their services 
now. 

The most striking difference lies in the 
power plant and its installation. It seems to 
be generally agreed that the power plant of 
the present piston-engined transport aircraft 
accounts for between 50 and 70 per cent. of 
the total maintenance cost, depending on the 
type of engine and the complication of its 
installation. It is interesting to compare a 
jet engine installation with the piston engine 
installation in the latest large passenger air- 
craft to be put into service, which may be 
taken as representative of the latest develop- 
ment of the piston engine power plant. 


Engines 


This power plant consists of a 28-cylinder 
4-row air cooled engine with 7 magnetos an 
engine. These magnetos are pressurised from 
a separate small blower on each engine, 
presumably so that they will function at 
altitude. The carburettor is an injection 
carburettor of considerable complexity. 
There are 56 valves and 56 plugs an engine. 
A simple thing like a change of plugs has 
now become a major operation, with 224 
plugs an aircraft, which are by no means 
easy to get at, considerable removal of cowl- 
ing and cylinder baffles being necessary. 

_ All this elaborate mechanism is replaced 
in the jet transport by a simple centrifugal 
compressor driven by a single stage turbine. 
There are ten combustion chambers with no 
moving parts. In fact, the only moving parts 
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in the whole engine, apart from the main 
compressor and turbine assembly, are those 
associated with accessories and their drives, 
and fuel and oil pumps. 


Power plant 
When we examine the power plant as a 
whole, apart from the engine, we find an 
enormous simplification. The following 
components and systems can be eliminated 
entirely : — 
1. The propeller with its associated 
Constant speed control 
De-icing equipment 
Reversing and braking system 
Automatic feathering device, and 
Propeller synchronising system. 


2. Exhaust-driven turbo-blower with its 
waste gate control 
Inter-cooler radiators with their 


shutters and controls 
An electronic control for the turbo- 
blower. 
3. Oil tank and oil system including: 
Two oil coolers an engine with their 
cooling shutters and controls. 


Engine-cooling gills and controls. 
Oil dilution system. 


Ten combustion heaters, eight of which 
are used for thermal de-icing and two 
for cabin heating. 


With the jet engine, cabin heating and 
pressurising can be obtained for almost no 
extra complication by tapping the main 
engine compressor, and hot air for thermal 
de-icing of wings and empennage may be 
taken from the same source, or from the 
jet tail pipe. 

In addition to these systems which are 
eliminated, there is the gain of a greatly 
simplified cowling. The jet engine can be 
mounted direct to the structural ribs of the 
wing, thus eliminating engine mounting. The 
whole installation is accessible through large 
hinged doors in the under surface of the 
wing. Engine changing is greatly simplified. 


Implication on the aircraft 
The elimination of so many systems from 
the power plant has a similar effect in reduc- 
ing the number of control runs from the 
cockpit to the engine and the number of 
electric actuators required, and so on. There 
is an enormous simplification in the cockpit. 
It is literally true that power plant controls 
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of equipment to cover the case of failure in 
the original unit, instead of developing and 
testing properly the first unit and so ensuring 
that it will not fail. The result is that we 
arrive at something which is so elaborate 
that although it is supposed to cope with 
every possible type of failure, because of its 
complexity it is almost bound to fail. 

This type of thing is particularly prone to 
happen when some new item of equipment is 
being introduced, on which there is no long 
background of experience on which to rely, 
such as power-operated controls. This sort 
of decision is perhaps one of the most diffi- 
cult that a designer has to make, whether to 
duplicate or even triplicate in case of a 
failure, and so make failure much more 
likely; or whether to make the basic scheme 
thoroughly reliable by development, so that 
it will not fail. 

In addition to the maintenance difficulties 
caused by over-complicated equipment, there 
is the actual danger caused by failure of these 
units. For example, there is the case of a 
civil air liner which was taking off on full 
load, at night, in bad weather, when soon 
after take-off a fire-warning light flashed, 
indicating a fire in a baggage compartment 
under the floor. The pilot turned back and 
made an emergency landing at a weight 
considerably above his normal maximum 
landing weight, in very bad conditions, only 
to find that there was no fire, but an electrical 
fault in the indicating circuit. Had provision 
been made in the aircraft for access in flight 
to the luggage compartment it might have 
been possible for the crew to have made sure 
that there was, in fact, a fire before making 
an emergency landing. Until such time as 
really reliable fire and smoke detection 
devices are available, it would seem prefer- 
able to make use of the human nose which, 
after all, is not a bad smoke detector. 


TESTING 


If the future civil transport aircraft is going 
to be made into a reliable vehicle and one 
that can be maintained at a reasonable cost, 
it seems to me that we shall have to do a 
great deal more testing of systems and 
components during the design stage of the 
machine. 


System testing 


The aim should be to reproduce on the 
ground the complete system with all pipe 
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and cable runs of the correct length and 
disposition. As far as possible, operating 
conditions should be simulated. 


It may be impossible to put a complete 
system rig in a cold chamber, but it is usually 
possible to test sections of the system and 
individual components under cold conditions, 

Every conceivable type of failure should 
be simulated on this test rig. In this way it 
should be possible to eliminate, during the 
time that the first aircraft is being built, the 
majority of the troubles which would have 
occurred in service if this testing had not 
been done. 

An example of what can be done in this 
way is provided by the Dove pneumatic 
system for undercarriage and flap operation 
and brakes. We had no experience of 
pneumatic operation, so a rig was produced 
with the main undercarriage and nose wheel 
using the actual parts. Flap jacks were 
loaded to give the correct hinge moments, 
all pipe lines were the correct length, air 
compressors were driven by small motors, 
and the whole rig was functioned in a cold 
chamber. The first results were entirely 
unsatisfactory and many of the components 
which had been supplied to us as suitable for 
operation at low temperatures were found to 
be quite useless at —20° C. After consider- 
able development we were able to produce a 
system for the aircraft which has_ been 
reasonably trouble-free. 


Component testing 


Although it is probably not possible to 
represent completely flight conditions on a 
ground test, it is undoubtedly true that a 
great deal more can be done than has been 
the practice in the past 

In my view a large part of the responsi- 
bility for life testing of components rests with 
the equipment suppliers. It is becoming 
increasingly necessary for the _ aircraft 
designer to be in very close touch with the 
equipment supplier and to give him as good 
an idea as possible of the conditions under 
which the equipment will have to function, 
and to help to lay down a testing schedule 
which is as representative as possible of 
operating conditions. The days when the 
prototype aeroplane was used as the guinea 
pig by the manufacturers of equipment are 
past. The cost of the modern transport 
aircraft is so great that neither the manu- 
facturer nor the operator can afford to have 
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a machine out of action because some small 
item of equipment has not been properly 
developed. I look forward in the very near 
future to the time when a designer will refuse 
to fit a piece of equipment to a new aircraft 
unless the component manufacturer is 
prepared to guarantee a reasonable life for 
that component. The operator may have to 
face some increase in the price of equipment 
to cover this testing but, in my view, he will 
be willing to do so if he can be sure that, in 
effect, he is buying reliability. 


COMPARISON BETWEEN  PISTON- 
ENGINED AND JET TRANSPORTS 


If we assume that many of the future civil 
transport aircraft will be powered with jet 
engines or propeller-turbines, it might be of 
interest to try to compare these aircraft, from 
the maintenance standpoint, with the present 
breed of large civil aircraft on which the 
airlines of the world depend for their services 
now. 

The most striking difference lies in the 
power plant and its installation. It seems to 
be generally agreed that the power plant of 
the present piston-engined transport aircraft 
accounts for between 50 and 70 per cent. of 
the total maintenance cost, depending on the 
type of engine and the complication of its 
installation. It is interesting to compare a 
jet engine installation with the piston engine 
installation in the latest large passenger air- 
craft to be put into service, which may be 
taken as representative of the latest develop- 
ment of the piston engine power plant. 


Engines 

This power plant consists of a 28-cylinder 
4-row air cooied engine with 7 magnetos an 
engine. These magnetos are pressurised from 
a separate small blower on each engine, 
presumably so that they will function at 
altitude. The carburettor is an injection 
carburettor of considerable complexity. 
There are 56 valves and 56 plugs an engine. 
A simple thing like a change of plugs has 
now become a major operation, with 224 
plugs an aircraft, which are by no means 
easy to get at, considerable removal of cowl- 
ing and cylinder baffles being necessary. 
_ All this elaborate mechanism is replaced 
in the jet transport by a simple centrifugal 
compressor driven by a single stage turbine. 
There are ten combustion chambers with no 
moving parts. In fact, the only moving parts 


in the whole engine, apart from the main 
compressor and turbine assembly, are those 
associated with accessories and their drives, 
and fuel and oil pumps. 


Power plant 
When we examine the power plant as a 
whole, apart from the engine, we find an 
enormous simplification. The following 
components and systems can be eliminated 
entirely : 
1. The propeller with its associated 
Constant speed control 
De-icing equipment 
Reversing and braking system 
Automatic feathering device, and 
Propeller synchronising system. 


2. Exhaust-driven turbo-blower with its 
waste gate control 
Inter-cooler radiators with their 
shutters and controls 
An electronic control for the turbo- 
blower. 


3. Oil tank and oil system including: 
Two oil coolers an engine with their 
cooling shutters and controls. 
4. Engine-cooling gills and controls. 
5. Oil dilution system. 
6. Ten combustion heaters, eight of which 


are used for thermal de-icing and two 
for cabin heating. 


With the jet engine, cabin heating and 
pressurising can be obtained for almost no 
extra complication by tapping the main 
engine compressor, and hot air for thermal 
de-icing of wings and empennage may be 
taken from the same source, or from the 
jet tail pipe. 

In addition to these systems which are 
eliminated, there is the gain of a greatly 
simplified cowling. The jet engine can be 
mounted direct to the structural ribs of the 
wing, thus eliminating engine mounting. The 
whole installation is accessible through large 
hinged doors in the under surface of the 
wing. Engine changing is greatly simplified. 


Implication on the aircraft 

The elimination of so many systems from 
the power plant has a similar effect in reduc- 
ing the number of control runs from the 
cockpit to the engine and the number of 
electric actuators required, and so on. There 
is an enormous simplification in the cockpit. 
It is literally true that power plant controls 
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Fig. 9. 
The cockpit of the Comet. 


for jet engines consist of one throttle lever 
an engine, plus the usual fuel cocks and fuel 
pump switches, cabin pressurising controls 
and fire extinguisher buttons. This in turn 
leads to a saving in crew. There is no need 
to carry a separate engineer in the cockpit, 
which again leads to further simplification. 
We do not have to provide duplicated throttle 
and airscrew controls for the engineer, 
together with a formidable array of instru- 
ments and switches, as is the case in a 
modern piston-engined aircraft (Fig. 9). 


Vibration 


It is undoubtedly true that the whole air- 
craft, and particularly the power plant, has 
a much easier time with a jet or propeller- 
turbine installation than with a piston engine, 
due to lack of vibration. This lack of 
vibration and, in the case of the pure jet 
machine, the lack of buffet from propeller 
slipstream, has shown up on the Comet in 
a greatly reduced amount of routine main- 
tenance needed to keep the aircraft flying. 

We have had an excellent example of this 
effect with the Vampire. The details of the 
Vampire engine installation are exactly as 
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they were first designed. This is most cer- 
tainly not true of the piston engine, where 
continual strengthening and modification of 
engine installation details is necessary 
because of fatigue failures due to engine 
vibration. 


Propeller turbines 


The simpler types of propeller-driving 
gas turbine engine, particularly the centri- 
fugal type, are very little more complicated 
than the pure jet, although the addition of a 
propeller and its gearing must always be an 
added complication. It does appear, how- 
ever, that there is some danger of losing this 
basic simplicity with some of the larger 
coupled propeller-turbines which are at 
present being developed, with their thousands 
of small blades and multi-stage turbine 
wheels, complicated gearing and contra- 
rotating propellers. While this may be 
necessary in order to achieve the best 
possible fuel consumption, and may be 
justified for long-range military aircraft, they 
may well turn out to be more difficult to 
maintain than some of the piston engines at 
present being used. 
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CONCLUSION 


It seems to me that the latest civil 
transport aircraft have been allowed to 
become too elaborate, partly due to the 
demands of the operator and partly to the 
frightful complexity of the modern high- 
powered piston engine. Unless something is 
done to check this ever-increasing complica- 
tion, it looks as if our future civil transport 


G. R. Edwards (Chief Designer, Vickers- 
‘Armstrongs (Weybridge) Ltd., Fellow): He 
agreed that designers and draughtsmen 
should have the maintenance problem 
instilled into them from the beginning, and 
also on the value of consultation with repre- 
sentatives of the operators during the design 
stages of the aircraft, but the final decision 
'must rest with the designer, because he had 
finally to put things right if they had gone 
wrong. The complexity which had given rise 
to so much trouble, particularly in piston- 
engined aircraft, had been due largely to the 
operators trying to get too much “ fanciness ” 
into the machines—doubtful devices such as 
automatic feathering and the like, and the 
craze for “automaticity.” Such features might 
have been all right during the war, when 
aeroplanes were being flown by pilots who 
had not received very much training; but 
nowadays they were entitled to assume that 
a pilot was well trained and experienced, and 
he imagined that a pilot would be a lot better 
off if he knew that he himself was doing 


‘something to produce a given result, rather 


than that something in the background was 
producing that result. A pilot might be more 
worried because he was wondering whether 
the automatic item was really working than 
he would be if it were not there at all. 

Undoubtedly for years British electrics had 
been rather shocking, mainly because, he 
believed, the Aircraft Industry was being 
supplied with components which were of 
motor car standard, but aviation electrical 
equipment in Great Britain had become a lot 
better during the past few years. It was 
being designed by people who specialised in 
aviation electrical equipment, and _ that 
practice was showing dividends. The 
efficiency of those products was much higher 
than it had been formerly; and he was 
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aircraft will spend more and more of their 
life on the ground and, in any case, will most 
certainly not be run at a profit. 

The best hope for the future seems to lie 
in simpler aircraft with reliable and well 
tested equipment and above all, in the use of 
a robust and simple gas turbine engine, 
provided that it is not allowed to follow the 
piston engine and lose too much of its 
original simplicity. 


DISCUSSION 


beginning to agree with the fashion of using 
electric actuators for such things as fuel 
cocks, particularly on pressure cabin aircraft. 

In the early days of the war he had had 
some experience of building and maintaining 
aeroplanes with pressure cabins, working at 
a pressure differential of 74 lb., and it was 
difficult to keep the rods and cables running 
through the cabin walls in good working 
order, with the mechanical rubber seal that 
was used. But his experience with actuators 
on a pressure cabin aeroplane had been quite 
good. 

The electronics situation was _ rather 
different, and he agreed whole-heartedly with 
Mr. Bishop’s remarks about them. In 
America they had gone to extremes with 
electronics. They had applied them to their 
propeller-turbine control. The British engine 
designers had managed to get a single lever 
control with the aid of a rod between the fuel 
flow unit and the constant speed unit, which 
seemed to provide all the inter-connecting 
that was required. In America they used an 
electronic coupling in a fairly large box. He 
believed that situation had come about 
largely because a designer there had flown 
an aeroplane in which the controls were not 
inter-connected; unfortunately that designer 
knew a bit about electronics, and as a result 
the Industry there had been “landed ” with 
electronic controls. 

One way to avoid a lot of trouble when 
trying to fit a piece of apparatus into an 
aeroplane was to endeavour to wear it out 
before it was fitted into its place! To work 
the thing about 10,000 times—that seemed a 
good figure—and to throw in sand and so on 
seemed to be a fairly certain way of finding 
out whether or not it would continue to 
function for about 50 hours when it was fitted 
into the prototype machine! 
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It was pleasing to be able to report that 
approaches which had been made recently 
by his Company to the equipment manu- 
facturers, about the extent to which they 
would be prepared to guarantee their own 
equipment, had brought forth a _ rather 
refreshing change of front from that to which 
the Industry had been accustomed in the past. 
They had offered guarantees over lengths of 
time which he considered were promising. 
He did not suggest that those periods were 
anywhere near the length they ought to be, 
but they at least held out hope. 

He could not agree more with Mr. Bishop 
about turbine engines. If the percentage of 
direct operating costs which covered the 
power plant and propeller and aeroplane 
were worked out on the current S.B.A.C. 
formula it came to 35 per cent. of the direct 
costs. If that could be reduced by, say, 40 
per cent. it would be equivalent to the 
revenue from about half a ton extra payload 
on a relatively small twin-engined aeroplane. 
The financial gain arising from improved 
maintenance was very high, and in addition 
there would be a big saving in indirect costs. 

He agreed that the propellers on some 
large propeller turbines were getting too big. 
On some American aircraft there had been 
some painful experiences of what could 
happen with big propellers, because the air 
loading on one blade was not the same as 
on another; they were getting to a state of 
aerodynamic out-of-balance which seemed 
inseparable from the big propellers, because 
hollow steel blades seemed inseparable from 
big propellers. The blades developed cracks, 
so that every other day it became necessary 
to take off the blades in order to see how far 
the cracks had developed. 


S. Camm (Chief Designer, Hawker Aircraft 
Ltd., Fellow): He was sometimes very much 
irritated because there seemed to be an 
impression that design offices gave little 
thought to maintenance during the processes 
of design; that was far from true. He 
agreed that a great deal of complication was 
due to equipment and automatic gadgetry; 
unfortunately, while the designer of civil 
aeroplanes might have some control over the 
equipment, that was certainly not so for the 
military aircraft designer. 

With the small modern two-seater fighter 
complication would tend to increase, because 
the one vital thing about that class of aircraft 
was the factor of performance; therefore, he 
strongly supported the suggestion that com- 
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DISCUSSION 


ponents of the hydraulic and electrical clas, 


as well as aircraft details, should be designed}; 


and tested to ensure that they would run fo; 
at least 100 hours without requiring any 
attention other than the periodic filling of the 
systems. 

To fly the first two or three early 


production aircraft for extended periods}g 


under service conditions would undoubtedly 
be of value, although his experience was that, 
for some reason, the defects required time to 


develop and they wanted to avoid the]; 


disturbance to production which resulted 
from a large number of modifications. 

One odd thing about maintenance and 
defects was that the prototype never seemed 
to have the troubles which were subsequently 
met with in production. Often a slight shade 
of difference in the methods used in making 
the production and the experimental aircraft 
seemed to be responsible. 

Again, it was noticeable that results varied 
widely with different squadrons, and that 
seemed to indicate that the standard of 
maintenance might influence results more 
than was thought to be the case. 

He fully agreed with Mr. Bishop that the 
best method of operating anything remotely 
was by cable or mechanical linkage but with 
a modern single-seater fighter, where the 
engine was buried in the fuselage, there was 


insufficient room in which to provide direct |. 


control. That difficulty could be overcome 
by increasing the fuselage diameter, but that 
would reduce performance. 

A good example of the result of the 
attitude “ what happens if. . . .” was fighter 
aircraft, where two generators were required. 
Surely it was not impossible to make the one 
generator more reliable? 

As to the difficulties of designing for 


maintenance, they should take a calm and |: 


dispassionate glance at the average Appendix 
A and think of incorporating everything 
contained there; then think of a blank sheet 
of paper and of a fighter flying fifteen 
months hence! 


N. E. Rowe (British European Airways, 
Fellow): He supposed most of them thought 
of good maintenance as ensuring trouble- 
free service; that description was roughly 
accurate, but its implications were probably 
much more than might be construed into that 
simple phrase. 

There was what might ‘be called the 
random failure, i.e. the sort of thing that 
happened in a completely unplanned way; tt 
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did not make itself known during normal 
inspections, but it happened within what was 
stated to be the life of the part concerned. It 
was the random failure which gave a great 
deal of trouble in airline operation, and was 
undoubtedly one of those factors that tended 
to increase the size of fleets necessary for a 
given job of transportation. 

The fact that conditions of operation had 
not been simulated in tests in the past was at 
the root of the difficulties they continued 
to experience with equipment. One of their 
problems now was to attempt to determine 
a technique of testing in the laboratory, or on 
the ground, which would enable them to 
obtain the results that would be obtained in 
flight in a given time. 

Vibration, dust, variations of temperature 
that occurred in flight, and humidity, were 
probably the four main factors which gave 
tise tc a great deal of the unserviceability of 
equipment and components, and which must 
be brought into the tests if they were to 
eliminate random unserviceability by fore- 
casting the lives of the parts separately before 
the aircraft went into operation. 

The British European Airways Corpor- 
ation had obtained a contract from the 
Ministry of Supply wherein they were 
attempting to develop that technique in 
relation to the Ambassador. They had 
selected a number of parts for trial in the 
laboratory and were manufacturing test rigs 
with the co-operation of the firm, the Ministry 
and all concerned. They had made a 
vibration survey of the aircraft; he did not 
know if that were the first to be made in Great 
Britain, but it was obviously the necessary 
starting point. Knowing the vibration state 
of the aircraft at the points where the com- 
ponents were situated, they intended to feed 
into the test rigs vibration conditions, vari- 
ations of temperature, dust and humidity 
conditions, to simulate as closely as possible 
the conditions on a representative stage, or 
representative stages, of routes along which 
the aircraft would operate. Whether or not 
they would be successful remained to be seen; 
but he had high hopes of at least a percentage 
of success. 

It should be possible to maintain fighter 
aircraft efficiently by servicing only once in 
100 hours, apart from topping up, and so on. 
The interval could probably be extended 
further if they pre-determined the changing 
conditions in operation and the life of the 
parts under those conditions. It seemed 


that the absence of vibration in jet-propelled 
aircraft might mean that the lives of parts 
could be very much prolonged, unless other 
factors came in. Had Mr. Bishop any 
evidence of the effect of high frequency 
vibrations, such as might be due to gunfire, 
and so on, on the wear which might occur in 
very small parts or small components? 

Had Mr. Bishop noted any ill effects of 
dust, especially in the turbine engine, during 
the operation of the Comet or of fighters? 

In operating helicopters it was hoped to 
start from the outset with “ sealed servicing,” 
which implemented the conception of the pre- 
determined lives of parts and components and 
the changing of them when they had reached 
those pre-determined stages. That might 
sound optimistic, but he felt there was a 
chance of getting a long way towards the 100 
per cent. determination of lives. That would 
make a very real contribution to the 
reduction, not only of cost, but also of man 
power. The result of good maintenance 
should be low cost, not only in money, but 
in time, for the latter affected so much the 
man power required and the possible utili- 
sation of the aircraft. 


Air-Marshal Sir Victor Goddard (Air 
Member, Technical Services, Assoc. Fellow): 
He was in general agreement with Mr. Bishop 
and subsequent speakers, including the state- 
ments that electrics were getting better and 
were not getting better; he believed they were 
both true statements. 

One remark in the paper which would 
encourage particularly the R.A.F., as well as 
others who were dealing with aircraft, was 
to the effect that it was folly to attempt to 
make regulations before enough experience 
had been gained to know that they were either 
necessary or feasible. In the R.A.F. they 
appreciated that, and indeed they had made 
rapid and quite considerable strides in the 
direction of refraining from telling people 
what they must and must not do when higher 
authorities themselves did not really know; 
those concerned would get to know very soon, 
when they had had opportunities to learn by 
experience. The Air Ministry sought to give 
technical guidance and warning on the basis 
of past experience, but not to inhibit 
initiative. 

He wondered how far it was wise to 
dispense with duplication. The elimination 
of secondary safety equipment before 
absolute reliability was achieved would 
result in a reversion to the “nosey parker ” 
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business, to see how things were getting on, 
and that in turn would result sometimes in 
those things being replaced in such a way 
that they would not get on for very much 
longer! 


D. Mowrer (Boeing Airplane Corporation): 
Probably all airframe manufacturers had 
devised one scheme or another for familiar- 
ising their designers with aeroplane operating 
practices and problems. Those manu- 
facturers who had not taken design for 
maintenance into serious consideration would 
not survive long in a business as highly com- 
petitive as the Aircraft Industry. 

At the Boeing Airplane Corporation the 
Service Department was an integral part of 
the Engineering Division and was staffed 
with graduate engineers, most of whom had 
aeroplane design experience. It was Boeing 
policy to have as many design engineers as 
possible work for at least a year or two in the 
Service Department in order to give those 
men experience in dealing with aeroplane 
operating problems. 

A senior service engineer was assigned to 
each design project to act in an advisory 
capacity on maintenance items. The Service 
Department also kept the design projects 
advised of all trouble reports received from 
field activities. 

While proper design for maintenance was 
very important for the reduction of aeroplane 
operating costs, he believed that more 
attention should also be given to other factors 
which had equally important effects on 
maintenance costs. There had been rapid 
developments in aeroplane design during the 
past ten years, but he wondered if main- 
tenance practices and procedures had kept 
pace with aeroplane design. 

For example, there was established in the 
United States by the Civil Aeronautics 
Authority a schedule of maximum overhaul 
times for each transport aeroplane. It was a 
sort of tradition to tag each component of an 
aeroplane with a number which represented 
its service life in terms of aeroplane flight 
hours. For example, when an aeroplane 
completed 200 flight hours, all items tagged 
with a service life of 200 hours were removed 
for overhaul. It seemed to him the result 
was that countless items which operated 

perfectly satisfactorily were removed and 
overhauled unnecessarily, just because of 
arbitrary numbers on a chart. In many cases, 
this practice served only to reduce the service 
life of a component due to the extra wear 
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and tear incurred by unnecessary handling 
He favoured what was called “On Condition” 
maintenance and believed that many aem. 
plane components should be left alone unti 
something was actually the matter with them, 


A great deal of effort had been expende 
on the Boeing Stratocruiser to obtain a 
reasonable a schedule as possible of C.A.A 
approved maximum overhaul periods. The 
were particularly anxious to avoid an ait 
frame structure overhaul period. Some aero. 
planes were tagged with a strange thing 
called an “8,000 hour major overhaul” 
Apparently this meant that after 8,000 hour 
of flight time the aeroplane was put ina 
hangar where several days were spent mor 
or less dismantling and reassembling it 
Instead of this a_ structural inspection 
procedure on a “ fleet wide ” sampling basis 
was worked out for the Stratocruisers. This 
approach was considered to be more effective 
and more economical than the traditional 
structural overhaul period. 

He thought that where it became necessary 
to establish an overhaul period for a piece 
of equipment, the service life should not 
always be based on aeroplane flight time. 
For example, a combustion heater might be 
due for overhaul after 500 hours of operation. 
The firing time of the heater would have very 
little relation to aeroplane flight time; by 
putting a timer on this heater perhaps it could 
be overhauled only about once every 1,500 
flight hours during winter operation and 
perhaps about once every 3,000 flight hours 
during summer operation. In other words. 
the cost of several overhauls could be saved 
by basing the overhaul period on heater time, 
instead of flight time. 

A much too prevalent and costly mainte: 
nance practice was the removal and replace- 
ment of perfectly good components of an 
aeroplane system because of faulty diagnosis, 
or no diagnosis of the trouble with the 
system. Too often corrective action was by 
trial and error. Various pieces of equipment 
in the mal-functioning system were replaced 
in the hope that one of the items replaced 
held the cause of the trouble. With some 
airlines perfectly serviceable equipment 


removed in error must go through the com- 
plete overhaul, inspection and functional test 
procedure before it could be re-installed. 
More work should be done to establish 
efficient functional checking and “ trouble 
shooting ” procedures. More should be done 
by the designer; design for maintenance 
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should include design for ease in functional 
testing and “ trouble shooting.” More aero- 
plane systems and components of systems 
should be designed so that, in effect, they 
could be bench-checked without removal 
from the aeroplane. 

There were many factors affecting mainte- 
nance costs, but in his opinion much could 
be done to reduce them by modernising some 
of the out-dated aeroplane maintenance 
practices, as well as by fostering design for 
maintenance. 


§. Scott Hall (D.G. Technical Development 
(Air) Ministry of Supply, Fellow): The 
Ministry of Supply were very interested in the 
problem of design for maintenance or, as 
they preferred to call it, “design for 
reliability,” as distinct from “design for 
servicing.” They regarded reliability and 
servicing as being two complementary things, 
and had discarded the use of the term 
“maintenance” because “ reliability’ was 
considered a better description. 

Their interest in the subject had been 
encouraged by several authorities, principally 
the Royal Navy; there the question of 
reliability was perhaps at its most acute. A 
number of aircraft were housed in a floating 
hangar of very small dimensions, in which 
there was extreme difficulty in getting around 
the aircraft in order to service them, and the 
demand for reliability was one which had to 
be given precedence over others. When it 
became a question of compromise between 
reliability and performance he believed it 
would not be wrong to say that the Royal 
Navy had more interest in reliability than 
had even the R.A.F. 


Mr. Rowe had mentioned the contract 
which the Ministry of Supply had let for work 
in connection with the Ambassadors, work on 
a civil aircraft where the conditions of oper- 
ation were very different from those applying 
in the Services. Work was also going on in 
connection with the military problem. It had 
been concluded that the environment of a 
failure was a much more critical factor in 
military operations, where the conditions of 
operation of the same type of aircraft often 
varied widely; they were studying particularly 
the environmental conditions in which any 
failures occurred, with emphasis on those 
minor sources of unserviceability which never 
got so far as the Form 1022. He believed 
that a great deal would come out of that 
work, and that the results would be of vital 
benefit to the reliability of military aircraft. 


He had understood Mr. Bishop to say that 
they could not do anything by having mainte- 
nance experts in the drawing office. Surely 
Mr. Bishop would regard it as of value to 
have in his drawing office people who 
possessed first-hand knowledge of the con- 
ditions under which the aircraft would have 
to operate? It had been suggested that if 
suitable Engineer Officers from the Services 
could be stationed in design offices, they 
would give great help towards looking after 
the aspects of design which influenced 
reliability. 

Mr. Bishop had referred to regulations and 
in particular, the regulation prohibiting the 
tapping of the engine blower for cabin 
pressure. Regulations were not issued with- 
out a reason. He had not had time to look 
up all the papers, but to the best of his 
recollection the engine manufacturers had 
stated emphatically that if their compressors 
were tapped for purposes such as pressurising 
cabins, the essential matching between com- 
pressor and turbine would be destroyed. 
Furthermore, they wanted freedom to put 
de-icing and other fluids through their engines 
which they would not have if the crew and 
passengers had to breathe air drawn in this 
way from the compressor. That was why the 
regulation had been issued. He did not think 
that it was even a hard and fast requirement, 
and no doubt it would be withdrawn as the 
result of the success of the de Havilland 
Company with the Comet. 


C. G. A. Woodford (Assoc. Fellow): A good 
deal was being done to raise continually the 
standard of performance and the reliability of 
all electrical equipment for aircraft. During 
the past few years he had been privileged to 
represent the Society and the Institution of 
Electrical Engineers on the joint committee 
work that was being undertaken in con- 
nection with the British Standards Institution. 
In recent weeks the first draft of Specification 
G100 (as it would be known) had been 
circulated around the industries for com- 
ment, covering the general requirements for 
electrical instruments and apparatus for all 
types of civil aircraft, most of the provisions 
in it being common with most of the require- 
ments for military aircraft. The first series 
of comments, which had been enlightened 
and helpful in many ways, had been received 
and the Committee was actively engaged in 
reviewing them. Quite a lot of work had 
been put into the draft specification, and he 
felt sure it would go a long way, with other 
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specifications accompanying it on particular 
items—generators, actuators, and so forth— 
towards the building up of a unique and 
exceptionally useful work of reference, avail- 
able in Great Britain and throughout the 
world. 


Just as nations were said to have the 
Governments they deserved, perhaps aircraft 
firms and groups received the equipment, and 
particularly electrical equipment, that they 
deserved. It was largely a matter of the 
amount of money they were prepared to 
spend in getting the right interests at the right 
sort of level to handle those questions. There 
was a need for a front-line, independent 
expert at the disposal of the aircraft firms and 
groups, to undertake on their behalf, and on 
behalf of their customers, a study of equip- 
ment; to form a link with the equipment 
manufacturers. Often equipment was 
designed and offered too late to be adequately 
treated and tested before it reached the 
aircraft, and too many changes were asked 
for in the course of its life. He knew of only 
one leading aircraft firm in Great Britain 
which employed a first class electrical 
engineer to deal with those matters. He 
supposed that a firm which did business to the 
extent of millions of pounds in aircraft and 
their equipment, and complained that they 
were not supplied with the right electrical 
equipment, would also complain if they were 
asked to spend £2,000 a year to employ the 
right sort of man to ensure that they received 
the right equipment, a man to serve as con- 
sultant. It might help if, say, six firms in a 
group contributed a few hundred pounds 
each per annum and appointed a qualified 
man to represent them as a group. 


In the small aeroplane there might be a 
distinct advantage in the use of a cable wire 
as against electrical actuation or operation. 
In large aircraft the situation was very 
different; in a large aeroplane, for example 
whereas the average weight of the manual 
equipment was 11 lb. a fuel cock, the 
electrical equipment weighed 2 lb. a fuel 
cock. 


It was often not easy to maintain manual 
controls in service. Flexure due to temper- 
ature and structural changes was very 
considerable. He did not think anybody in 
their homes would use nowadays the old type 
of bell pull, with its springs and gadgets, and 
its cables negotiating corners, where electric 
bells could be used. Again, how many 
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people would use a speaking tube rather than 
a telephone? 


Air Vice-Marshal C. W. Weedon (Director. 
General Technical Services (2), R.A.F.): He 
was very glad to see the interest that was now 
being taken in the two allied questions of 
design for reliability and design for easy 
servicing. The emphasis was on the first 
requirement as, if they could have reliable 
aircraft, design for easy servicing was 
relatively of small importance. 

It would be a tremendous step forward if 
the Royal Air Force could receive, from the 
manufacturer, an aircraft which could be 
relied upon for 100 hours’ flying or for six 
months on the ground, without any attention 
whatsoever, apart from filling up and pump- 
ing up the tyres. He thought they would be 
appalled to know that to-day they were 
averaging something like one and a half 
defects for every hour of flying. Some of the 
results of this high defect rate were:— 

(a) Half the technical personnel were 
employed on pulling assemblies apart 
with a well justified fear that a random 
defect might be revealed. 

(b) A swollen establishment of aircraft in 
order to cater for the large number 
undergoing rectification or servicing. 

(c) The provision of an enormous range of 
spares to make good any defect that 
was found. 


(d) A complex system of training which ; 


did not fit in with the idea of the 
National Service airman of eighteen 
months’ service. 


There were three ways in which they, the 
users, hoped to help the Industry. 

First, there was the question of the early 
teething troubles which they always seemed 
to experience, to a larger or less extent, with 
every new type of aircraft accepted into the 
Royal Air Force. In the past they had not 
got in nearly enough flying on the first batch 
of deliveries. As a result, troubles were not 
found until the aircraft had been in service for 
a considerable time, and by then, possibly 
hundreds of aircraft had rolled off the pro- 
duction line, only to require extensive 
modifications at a later date. 

Although they had not reached agreement 
with everybody concerned, he hoped it would 
be possible for the first batch of production 
aircraft to be sent to one of the Home Com- 
mands where really intensive flying could be 
done. He would like to see something like 
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1,000 hours in the first three or four 
months, and during this time every defect 
found, and every spare used, accurately 
recorded. In this way he hoped that early 
modification action could be taken before 
many aircraft had been delivered. At the 
same time, they would get most useful infor- 
mation to enable them to review their guesses 
made when they did the initial provisioning 
of the spares required. Personally, he was 
strongly in favour of this intensive flying 
being done in the Service, where the aircraft 
could be flown by normal pilots and main- 
tained by normal tradesmen, of whom the 
National Service airman formed the greater 
percentage. They would need to co-operate 
closely with the Aircraft Industry and he 
hoped if those experiments were agreed, the 
firm concerned would send an observer to 
keep an eye on the trials. 

Secondly, the users could help the Industry, 
by the adoption of a sound method of main- 
tenance. In the past, and especially during 
the war, they were open to criticism in that 
they pulled assemblies apart just to see 
whether they were all right. He would like 
to see their maintenance confined to:— 


(a) replacement of components which had 

been given a definite life, 

(b) the storing up of maintenance by 

application of oil or grease, etc. 

The third, and possibly the most important, 
way in which they could help the Industry 
was to record accurately every defect which 
occurred, whether discovered on the ground 
or in the air. In the past, it was true to say 
that only a minority of their troubles and 
defects had been reported and the infor- 
mation passed on to the Industry. In the 
next few months they hoped to set up a 
system whereby every single defect was 
recorded, no matter how minor its nature. As 
an example, every year they replaced thou- 
sands of radio valves, any one of which might 
lead to an abortive sorti. By recording every 
replacement, they hoped to be able, not only 
to “life” that particular valve, but to draw 
attention to those valves which continually 
failed, in order that they could be re-designed. 

He hoped that Mr. Bishop did not intend 
to imply that they could expect fighter 
aircraft designed to last 40 or 50 hours—their 
probable life in war. They had to fly these 
aircraft in peace time, and he thought the 
problem of design for maintenance for the 
Royal Air Force was not really very different 
from that required for civil aircraft. 


D. W. Richardson (Society of Licensed 
Aircraft Engineers, Assoc. Fellow): The 
statement that 25-40 per cent. of total oper- 
ating costs were attributable to maintenance 
could be somewhat misleading. Assuming 
that the figures were based on S.B.A.C. 
costing formule, the term “ maintenance ” 
included inspection, servicing and overhaul 
of airframes and their equipment. Routine 
cleaning was a passenger service and, as such, 
was regarded as an operating cost. Further- 
more, taking an average labour rate of 3s. 4d. 
an hour, a 200 per cent. charge upon that was 
allowed for workshop overheads, and that 
represented a figure which would remain 
reasonably static, whether the workshops and 
equipment were used frequently or otherwise. 

A scheme which allowed prospective 
designers to spend a period of two or three 
years in the workshops would be excellent 
in every way. It would be of even greater 
ultimate value if the time could be either 
altered or extended to allow those individuals 
to gain practical maintenance experience, 
because the dismantling and servicing of the 
modern complex aircraft presented a very 
different picture from that which they saw in 
the progressive stage build-up developed for 
efficient production. 

He was not quite sure of the implications 
of the remarks that “It is not sufficient to 
rely on some published book of require- 
ments ” and that a large proportion of these 
would be out-of-date or would not refer to 
the matter in hand. The only such publi- 
cation of which he was aware, in so far as 
civil aviation was concerned, was “ British 
Civil Airworthiness Requirements,” which 
were compiled in a deliberately broad sense, 
purely with the object of allowing designers 
ample latitude and flexibility for develop- 
ment. In that they performed a most 
valuable function because they were based 
upon an overall study of design and oper- 
ational problems, experienced not only in the 
United Kingdom, but throughout the world; 
thus they offered a mass of invaluable 
information which otherwise would be denied 
to the individual. 

Would Mr. Bishop expand his theory that 
the best method of remote operation was by 
mechanical means, particularly in the light of 
the difficulties attendant upon such a precept 
when considering the sealing of pressurised 
compartments, wing flexure, weight penalty, 
the cumulative effects of wear at fulcrum 
points and the resultant amplification of 
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maintenance and inspection duties at pros- 
pective sites of wear and lubrication, and so 
forth. 

He fully agreed with the desire to find 
components the lives of which would be 
guaranteed to the aircraft manufacturers, but 
was it entirely due to the component manu- 
facturers that such components were not yet 
in existence? Was it not possible that the 
aircraft designer rather tended to hold back 
development by demanding specialised equip- 
ment for various purposes, and did not allow 
sufficient time for development before it was 
put into service? It was recognised that the 
designer was cursed with the permanent and 
unwelcome attentions of the weight and space 
“bogeys,” and it would seem that the diffi- 
culties of both parties must be accepted as 
something which, while allowing ample scope 
for improvement, did not offer great oppor- 
tunities for complete alleviation, at least for 
a long time to come. 

He felt strongly that any attempt at the 
present stage to “bury” operating com- 
ponents, from pure design considerations 
alone, could only result in the production of 
an aircraft which would present servicing 
“headaches” of monumental proportions. 


W. G. Bushell (Assoc. Fellow) contributed: 
He had always considered that maintenance 
troubles derived from five features which 
affected the operation of aircraft. They were 
essentially:— 

(a) The troubles due to corrosion or those 
which commonly resulted from ageing 
of components (in the widest sense) 
including all materials used. If they 
could guarantee that no corrosion or 
deterioration of materials ever took 
place in aircraft the amount of 
inspection necessary could be reduced 
by more than SO per cent. 

(b) The troubles due to parts being highly 
stressed in use, due to some form of 
mishandling. If it were possible to 
install suitable recording strain gauges 
on all parts of an aircraft likely to be 
over-stressed in flight, landing, or taxi- 
ing, a simple check on a recording 
board would again dispense with many 
hours of inspection. 

(c) Weaknesses in design, which produced 
failures and raised the need for 
“ Design for Reliability ” and “ Sealed 
Maintenance.” 

Errors in design which involved 
repairs on the airfield (illustrated 
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in S.B.A.C. Design 
Bulletins). 

The damage and_unserviceability 
caused by too much accessibility being 
provided for dirt and water but not 
enough for the maintenance engineer, 
raising the need for “Design for 
Servicing.” 

(d) Production defects which caused diff- 
culties for the maintenance engineer, 
namely, faulty materials and work. 
manship. Also, the delays resulting 
through insufficient provisioning of 
replacement parts. 

(e) Faulty diagnosis of defects by flying 
and maintenance crews, often due to 
insufficiency of published information 
relating to this “ art.” 


Many of those points might be contro- 
versial, but something on those lines from 
such an experienced designer as the author 
would have introduced the subject on a 
broader basis. 

He had been particularly interested in Mr. 
Bishop’s suggested design for deleting main- 
tenance for 100 hours flying or six months 
between overhauls. He doubted if the Royal 
Air Force or Royal Navy could entertain such 
a scheme, but for experimental flying. this 
achievement would be a great benefit due to 
the greater cost of a lost flying opportunity. 
Already it was partly applied at his particular 
airfield where they employed a large variety 
of aircraft for experimental purposes. They 
worked to an overhaul basis at six to eight 
months, or 100 to 120 flying hours. They 
had dispensed with daily inspections but were 
obliged to do regular weekly inspections and 
repairs because defects occurred, on an 
average, every fourth flight. He believed, if 
it were necessary, that many of their aircraft 
could safely and economically achieve 150 
hours or more between overhaul. Calendar 
time, however, was more important to them, 
and sometimes the limiting factor for their 
work was the number of flights. 

For overhauls they gave each aircraft a 
Nuisance Factor and the higher its value 
the more labour and time were consumed in 
the servicing of the aircraft. It must be 
emphasised, when considering this Nuisance 
Factor, that it was this and this alone which 
determined the degree of serviceability of a 
fleet of aircraft. Aircraft in general could 
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maintain a state of serviceability of between 
40 to 80 per cent. according to their Nuisance 
Factor. For example, it had been found for 
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many years on his airfield that, in general, 
a four-engined bomber was 3.5 times the 
nuisance of a single-engined fighter. For 
aircraft in the Flights, as distinct from those 
being worked on in the hangars, the Nuisance 
Factor was approximately the same, but there 
were wider extremes. In fact, four-engined 
aircraft sometimes warranted a _ lower 
Nuisance Factor than certain twin-engined 
aircraft. Nuisance Factors for the com- 
ponents of the aircraft had also remained 
fairly constant for the past few years; the 
results for the previous twelve months on the 
airfield being: — 


N.F. N.F. 
Piston engines and Alighting gear (in- 
accessories cluding micro- 
Fuel. oil and switches)... ... 1.6 
coolant systems 1.6 Hydraulics and 
Propellers, and pneumatics ... 1.4 
ESUs. O8 
6.4 3.0 
Wings and control Instruments 20 
wifaces =... ... EO Radio ... we 
3.9 4.2 


Those defects which arose just prior to take- 
off were not emphasised in those figures, nor 
did the Nuisance Factors given apply to 
overhauls. Their experience with overhauls 
revealed two important features: — 

(a) They were more economical in labour 
and time than were a series of minor 
inspections under similar operating 
conditions. 


Jet-engined aircraft showed no marked 
reduction in cost as expected from 
“lack of vibration.” 

The consistency of the flight results, 
although obtained in the rather special field 
of experimental flying, strongly suggested 
that no real progress in reliability or servicing 
ability had been achieved in recent years. 
He agreed that current operational types of 
jet engines were now only half the nuisance 
of piston engines, but it was barely a year ago 
when they were as much trouble. The reason 
for the improvement was that they had now 
embodied all the development modifications 
to the engines and their accessories. 

The author had mentioned a “ mainte- 
nance cell” in the drawing office. He had 
been told that the Royal Navy insisted on 
this feature with the design of their ships’ 
machinery. He agreed entirely with the 
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necessity for either a “ maintenance cell ” in 
the drawing office, or a “design cell” on 
the airfield. His experience was that aircraft 
reliability and ease of maintenance were 
largely “hereditary.” By hereditary he 
referred to that virtue in aircraft design put 
into it at the start by a design team who had 
been producing particular types of aircraft 
for a long time and who had been assisted 
by the maintenance engineers concerned with 
their aircraft. The defects which occurred 
just before take-off were usually simple ones 
and thus were never officially reported; 
nevertheless, they seriously delayed times of 
take-off. By the designer’s close contact 
with the operators and maintenance 
engineers, this hereditary trait seemed to 
develop more strongly as the firm’s experi- 
ence grew. 

The Design Information Bulletins issued 
by the Society of British Aircraft Constructors 
illustrated design defects which had caused 
so much trouble in the past. No doubt senior 
designers were well aware of the errors, but it 
was obvious that often their juniors were not. 
Much benefit would be derived if these 
Bulletins were increased in scope and well 
circulated in the drawing offices. 


Another old-fashioned principle that the 
author had not mentioned was that pro- 
duction shops once had the habit of advising 
drawing office staff of mistakes. Nowadays, 
once a drawing left the designer an article 
was produced exactly as drawn, including 
any errors that a drawing might contain. 
The production engineer was also responsible 
for many troubles which developed on 
aircraft. Outstanding examples were failures 
of rivets in tension due to sheets being pulled 
into shape instead of being pre-formed; sharp 
corners and burrs being left on components; 
welding “ stiffness;” file marks; and unneces- 
sary damage being caused to anti-corrosive 
coverings. Another serious trouble he often 
caused, through insufficient or inaccurate 
jigging in production, was difficulty in fitting 
replacement structural parts. 

If aircraft were tested very early under real 
service conditions, subsequent modification 
action would be reduced, but it was not the 
complete answer because designers should 
have servicing advice at the conception of a 
design; often criticism of a prototype could 
not be made in time for improvements to be 
effected in production aircraft. 

Maintenance engineers had spent the past 
few years in criticising the designer to such 
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an extent that he now wished to turn from 
scientific “aids” to “ push-pull” controls. 
They had here the two extremes which also 
applied to the relative positions of the 
designer and the maintenance engineer in this 
problem of operating aircraft; each blamed 
the other for all the troubles. He thought 
there were other culprits. Were too many 
aids and instruments provided for the air 
crew? Was the traffic side of operational 
companies urged enough to make fuller use 
of fewer aircraft? Since the whole aircraft 
was a compromise, a far better approach 
would be for the designer, the scientist, the 
production engineer, the pilot and the main- 
tenance engineer to get together and pursue a 
middle course on the inception of a new 
aircraft. 


N. J. Hancock (Ministry of Supply, Assoc. 
Fellow) contributed: Surely the suggested 
“goal” of 100 hours between servicings 
should be 1,000 hours? Would not the 
lecturer agree that in these days they should 
be aiming for 1,000 hours and that any 
component which could not easily clear 100 
hours should be redesigned or dropped 
immediately? 

Quoting the old proverb, “ No engine fit 
for civil use until obsolete” sounded like 
“ passing the buck ” to the engine designer— 
asking for proved reliability with futurist 
performance. Surely the development of 
engine and airframe should go on side-by- 
side? (Had anyone suggested that the 
Comet’s engines were obsolete?) 

The lecturer had made an unfair compari- 
son between piston and turbine engines. 
Piston aero-engines embodied 49 years of 
development with attendant complexity, 
whereas turbine aero-engines, although only 
complicated by nine years of development, 
were already “blessed” with numerous 
problems, such as “ creep stress,” “ lighting- 
up,” “ anti-icing” and many others. When 
the turbine engine “ arrived ” they were told 
that it was “just a pair of coupled wheels 
that kept going as long as ‘any old’ fuel 
lasted.” It was less than nine years since the 
first turbine flew and already they had such 
new and undeveloped items as, torch ignitors, 
fuel accumulators, high-flow range, high- 
pressure fuel pumps, maximum __ speed 
governors, minimum burner pressure units 
and barostats or B.P.C.s. Those were just 
some of the accessories and each was so vital 
that it had to have its own private fuel filter 
and those were susceptible to blockage by 
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‘“ waxing ” at altitude unless special fuel were 
used. Would the lecturer not agree that 
when the turbine engine had been “ compli- 
cated ” by 50 years of development it might 
possibly look worse than the piston engine of 
to-day? 

V. A. Higgs (British Thomson-Houston 
Co. Ltd., Assoc. Fellow) contributed: Few 
aircraft manufacturers realised the vast 
developments that had occurred in aircraft 
electrical equipment. During the war it was 
realised that electrical power could provide a 
convenient light-weight and reliable method 
of distributing power throughout an aircraft. 
In consequence the electrical industry was 
called upon to develop a large variety of 
equipment for military aircraft to specifi- 
cations which, apart from stating the 
performance required, also demanded the 
equipment to be as light in weight as possible 
consistent with absolute reliability during a 
life of 100 hours or less. To-day they were 
being asked for electrical equipment which 
would operate without attention for 1,000 
hours both for military and civil aircraft. He 
thought this was an unreasonable demand 
and if achieved, as it probably would be at 
the expense of weight, was not. really 
required. He would recommend a life of 250 
hours for military and 500 hours for civil 
aircraft as far more practical. 

Accessories were broadly divided into two 
types:— 

1. Those developed with the hope that 
they would find general application in 
all or many aircraft and 

2. Those developed for a particular appli- 
cation in a particular aircraft. 


Since type 2 took longer to obtain and cost 
considerably more, the Aircraft Industry 
often used an accessory designed for general 
use and applied it to a special application. 
The micro-switch quoted by Mr. Bishop was 
a good example. His firm had recently 
developed a miniature switch for general 
application and considerable thought had 
been put into its development. It was not 
intended that this switch, weighing less than 
one-third of an ounce, should be operated in 
an exposed position by an undercarriage 
weighing severai hundreds of pounds. He 
was certain that if Mr. Bishop and he were 
to get together they could develop a special 
version of that switch which would give 
absolutely reliable indication of an under- 
carriage position for a fraction of the weight 
of the mechanical arrangement. 
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Mr. Bishop rather missed the point when 
he referred to duplicated circuits and so 
forth. In the electrical industry they did not 
expect their circuits or indicator lamps to fail, 
but they did say that if the Aircraft Industry 
were concerned about the possible effects of 
failure they could easily duplicate the wiring. 
With most mechanical methods duplication 
was nearly impossible. Duplicated wiring 
and accessories usually resulted from the 
gentleman, referred to by Mr. Bishop, who 
said ““ what happens if... .” 

Electronic valves always received a rough 
passage from users and yet the modern valve 
would give several thousands of hours service 
in aircraft applications, provided that it was 
applied correctly, loaded within the limits 
specified by the valve manufacturer, and 
pre-aged before use in aircraft. It was 
unfortunate that certain valve defects could 
not be found by ordinary routine testing and 
did not show up except in the first SO hours’ 
life. Arrangements were now being made to 
pre-age all valves for civil aircraft by running 
them on the bench for 50 hours before 
application to aircraft. He would recom- 
mend that the Ministry of Supply should also 
do this for military aircraft and introduce a 
range of pre-aged valves similar to the present 
CV range. Such a step would be most help- 
ful to the designers of electronic equipment. 

He fully agreed with Mr. Bishop in seeking 
to avoid complication. Many applications of 
electrical power were made for the very 
purpose of avoiding other complicated 
methods, but complicated electrical circuits 
must be avoided. Time and time again he 
had seen a comparatively simple circuit spoilt 
by the addition of relays to “do this” and 
relays to “avoid that” and other relays to 
protect the first ones, and so forth. Those 
electrical complications invariably arose 
from the Aircraft Industry or airline operator, 
coupled sometimes with over-enthusiasm 
from the electrical designer. 

He believed that most of the defects 
occurring in electrical apparatus were due to 
lack of experience in the Aircraft Industry in 
applying that comparatively new tool. The 
electrical industry had a vast experience of 
the behaviour of electrical equipment on the 
ground and only a limited experience of the 
behaviour in aircraft. In order to get the 
best out of that “new tool” a much closer 
co-operation must be established between the 
aircraft firms and those electrical firms try- 
ing to develop aircraft equipment. Most 


aircraft firms had now found it necessary to 
establish an “electrical section;” it was 
usually under-staffed and its advice was 
often ignored. His experience was that the 
electrical engineer in an aircraft firm was 
usually the last person allowed to claim any 
space in a new aircraft design and the first 
person who was made to move or alter his 
equipment to suit the changes of design made 
by the aircraft designer. It was absolutely 
essential that the “electrics” of a new air- 
craft be considered and planned at the outset 
and not as an after-thought, as was so often 
the case. 

If Mr. Bishop wished to receive a guaran- 
teed life for his accessories he would first have 
to guarantee that his specified requirements 
were not exceeded and would have to specify 
his requirements far more exactly than had 
been the custom of the Aircraft Industry in 
the past. 


S. M. Parker (Automotive Products Co. 
Ltd., Assoc. Fellow) contributed: Mr. Bishop 
had rightly stressed the importance of ensur- 
ing that bought-out equipment was fully 
developed. The soundness of this suggestion 
could not be disputed, but the difficulty lay in 
deciding how and when the necessary work 
should be done. In recent years great 
importance nad been attached to the testing 
of complete systems and additional equip- 
ment for that purpose was now commonly 
ordered. He doubted, however, whether that 
gave the best results since there was a natural, 
but unfortunate, tendency to await the com- 
pletion of the last parts of the system before 
testing the remainder, and since the need for 
last minute alterations was accepted as 
unavoidable in some instances, it could easily 
result in other parts of the system that were 
available remaining untested for a matter of 
months, which represented a loss of time that 
could never be regained. He thought that it 
would be a much sounder principle to permit 
accessory manufacturers to test units as they 
became available, particularly those units 
which were basically new. By so doing he 
believed that at least 90 per cent. of the snags 
would be eliminated and he believed that the 
remaining 10 per cent., attributable to the 
system as a whole rather than to the units 
individually, contained on the whole lesser 
problems which could still be dealt with in 
the time that would be left before the aero- 
plane had to fly. 

The aircraft constructor, on whom the final 
responsibility lay, would achieve better results 
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if he asked for an endurance test certificate 
with each unit and concentrated less on com- 
pleting a complete test installation in the 
early stages of development. 


F. H. Robertson (Chief Project Engineer, 
Saunders-Roe Ltd., Assoc. Fellow) contri- 
buted: It was unfortunate that draughtsmen, 
aerodynamicists and stressmen could not be 
given injections for “ anti-complexity ” and 
“anti-weight” in the same way as anti- 
tetanus was injected. 

Unfortunately, the rapid growth of the 
Aircraft Industry and the exigencies of war 
had caused an intake of half-trained tech- 
nicians who were not, and never would be, 
engineers. Until those had been worked out 
of the system or sufficiently confined so as to 
nullify their bad influence, he must disagree 
with Mr. Bishop and plead for a “ mainte- 
nance man” with a flaming torch to roar 
through the office daily and stamp on gadgets, 
fripperies, anomalies, abortions and all the 
other things of the devil which the boffin 
mind loved to produce. Mr. Bishop had 
forgotten that de Havillands had got such a 
man—his name was Bishop! 

Design for maintenance, like design for 
economy or design for performance, sprang 
from the Project Office. Bad detail design 
could spoil a good project, but all the brilliant 
designers in the world could not make a good 
aeroplane from an ill-conceived project. 


G. P. Watson (Blackburn and General 
Aircraft Ltd., Associate) contributed: Modi- 
fication action to drawings to remedy ser- 
vicing troubles, or to improve maintenance 
facilities, might not come to the knowledge of 
the man responsible for the original drawing. 
This was because work done on one section 
in the drawing office frequently changed 
hands by the time the development and teeth- 
ing trouble stage was reached. Neither the 
junior nor the senior draughtsman primarily 
responsible for the affected drawing therefore 
might ever hear of the trouble they had 
caused and one of the surest ways of learning. 
which was to know the mistake made, was 
lost. 

Another important point with regard to 
the drawing office was the effect on the 
maintenance aspect of good co-ordination of 
the several teams engaged on the design of 
any one aircraft. The controls, electrical, 
equipment, and structural teams must be held 
together so that, for example, access to items 
were treated collectively wherever possible. 
A constant watch on each _ individual 
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draughtsman’s general activities by the design 
co-ordinator was the only sure method by 
which trespassing and fouling of one section 
with another and consequent difficuities in 
maintenance could be avoided. He was sure 
the cause of some maintenance troubles was 
incomplete design co-ordination. 

When the design of the aircraft main com- 
ponent break-down points was considered, 
it would be found in many cases that the 
detail attention paid to the main structural 
connection at each point surpassed the 
attention paid to the details of controls and 
system breaks at the same point. This 
applied except where the requirements of 
power plant changes had _ concentrated 
attention on the provision of quick release 
couplings and good grouping of controls, 
with easy access, at fireproof bulkheads. To 
ensure good maintenance design of the com- 
plete aircraft it was important to provide 
similar “all-round” easy and accessible 
breaks at other component joints. 

Coupled with this consideration was the 
condition in which a component was provided 
for replacement. He did not mean whether 
it was damaged but what was in it, or hung 
on it, such as provision for fairing fillets, 
hinged flaps, and parts of fuel, oil, hydraulic 
and electrical systems. The designer must 
consider carefully every spare before deciding 
the exact constitution of each item to avoid 
unnecessary dismantling or assembly in situ 
of associated items when fitting the spare. In 
addition, the designer must ensure that 
mating parts were sensibly and conveniently 
“broken down.” While the operator who 
bought the spares should naturally watch 
those points, the ultimate responsibility for 
ensuring a practical assembly was the design 
team’s. 


MR. BISHOP’S REPLY 


G. R. Edwards: He too considered that 
electrics were getting better, but he felt there 
was still a lot of room for improvement. It 
was a fact that, during the test flying of the 
Comet, more trouble was experienced because 
of the unserviceability of one V.H.F. radio 
set than with any other part of the aeroplane; 
and nobody seemed to know why. As an 
example of the type of thing he was criticis- 
ing, he had had experience recently of a 
generator where no precautions, were taken to 
prevent washers, and so on, from loose 
terminals falling into it; if a man who was 
making the connections happened to drop a 
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washer into it, there was nothing to prevent 
that washer falling into the gap of only 0.002 
in. between the armatures. 

The standard of design which was more 
or less instinctive in people designing aero- 
planes did not appear to be achieved by those 
who designed small electric units; everything 
was very fiddling, and he felt that they were 
very much influenced by the idea that they 
were designing for static conditions on the 
ground, and that their products would not be 
subjected to vibration. It seemed that they 
had not yet acquired the idea that their pro- 
ducts would be vibrated during flight and 
bounced about when machines were landing, 
and it seemed that a much higher standard 
of detail design was needed. He hoped the 
improvement Mr. Edwards had referred to 
would continue. 


N. E. Rowe: The turbine engine would 
make a great difference in respect of vibration 
and he agreed that vibration due to gunfire 
on a fighter might be very serious; he had 
been watching the new 13 mm. gun fire, and it 
might well shake an aeroplane to an extent 
which would cause quite a lot of damage. 


He had not heard of any trouble whatever 
in the Goblin and Ghost engines on the score 
of dust; certainly there had been no such 
trouble at Hatfield. 


He feit sure that they could do a great deal 
towards the evolution of tests in conditions 
somewhere near those applying in operation, 
although they might not be able to simulate 
operating conditions completely. His Com- 
pany had been testing, for example, cabin 
windows for the Comet. They had had one 
set on the roof for well over a year, exposed 
to all sorts of weather and with the correct 
cabin pressure applied to the window for 
eight hours each day and had made other 
tests, such as heating one side of the window 
and keeping the other side cold, over long 
periods. There had been tests of power- 
operated controls, which had been subjected 
to something like 100,000 reversals. Such 
tests, although not completely representative 
of operating conditions, invariably showed up 
troubles which would have developed after 
the aeroplane was in service. 


Air Marshal Sir Victer Goddard: He 
was giad to hear from Sir Victor that there 
would be less regulations; he hoped the idea 
had been passed on to the Ministry of Supply! 

Obviously the decision to dispense with 
duplication must depend on how vital was the 


particular service concerned. He agreed with 
Mr. Camm’s remark concerning the dupli- 
cation of the generator on a fighter; it seemed 
better to concentrate effort on one generator 
which would really work than to have two, 
both of which might go wrong. 


S. Scott Hall: He gathered that Mr. Scott 
Hall had admitted that when the regulation 
on the tapping of blowers was issued, those 
concerned knew very little about the matter; 
that was just the point he had tried to make 
in the paper. 

He did not think the suggestion that there 
should be Engineer Officers in the drawing 
office would work. It was surprising that 95 
per cent. of maintenance people, when con- 
fronted with a problem concerning something 
of which they had not direct experience—a 
particular type of aeroplane, for example— 
could give very little help. When a variant 
was being made, as the de Havilland Com- 
pany had just made in the Dove and the 
Heron, they could get lots of suggestions, 
because most of the bits were very similar. 
But when starting on a completely new 
aeroplane he had found that usually they did 
not get any help from maintenance people; 
it was rarely that such men were able to offer 
good constructive criticism when it was 
required. 


C. G. A. Woodford: It might be true that 
firms got the electrics that they deserved. He 
doubted if the complete answer was to 
employ a consultant. They had tried this 
consultant idea for other specialised parts of 
the aeroplane and in general it had been a 
failure. The tendency now was for the larger 
firms to employ their own specialists. He 
was convinced that that was the right policy. 

He would remind Mr. Woodford that 
speaking tubes were still provided on ships 
as a means of communication between the 
bridge and the engine room for use when the 
electrics failed! 


Air Vice-Marshal Weedon: It would be a 
great help if those responsible for the 
reporting of defects would ensure that they 
were reported to the Industry in reasonable 
time. The trouble at present was that the 


Industry did not hear about them until 
months after they had arisen. 

In the paper he had suggested that in 
peacetime a fighter should last for 500 hours, 
not 50 hours; and he believed it was true that 
there was only one Vampire in the R.A.F. 
which had done 500 hours’ flying. 
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W. G. Bushell: The point that a great deal 
of maintenance trouble was due to corrosion 
and ageing of organic materials was very 
true. He was convinced that if they were 
going to achieve an aircraft which would 
remain serviceable for six months without 
continual dismantling for inspection, a great 
deal more attention must be paid to 
protection against corrosion and to finding 
materials which did not age and deteriorate 
due to heat, sunlight, oil, and so on. This 
was perhaps one of the biggest problems they 
had to face. 

He was sure that it was not true of any 
large aircraft firm to say that the production 
shops did not advise the Drawing Office of 
mistakes on drawings—a very close liaison 
existed between the Drawing Office and the 
production shops during the design stage and 
throughout production. 


V. A. Higgs: He did not agree that 500 
hours’ overhaul life of electrical components 
was sufficient in commercial operation; 500 
hours was approximately two months’ flying 
on an airline. They might have to accept a 
slight weight penalty in order to achieve a 
minimum of 2,000 hours’ life. 

He entirely agreed that a satisfactory micro 
switch could be developed: but so far it had 
not been. 

It was not necessary to duplicate 
mechanical controls, because experience had 


shown that they did not fail. Experience 
with electrical units and controls as they had 
existed up to now showed that they did fail 
and so had to be duplicated. The whole 
point was that electrical units had got to be 
developed and made really reliable so that 
aircraft designers could have the same con- 
fidence in them that they had in mechanical 
controls and so avoid all the frightful dupli- 
cation to cater for failures, which he was 
afraid at the moment were all too prevalent. 
Mr. Higgs was undoubtedly right when he 
said that a closer liaison must be established 
between the electrical firms and the aircraft 
manufacturer. He would suggest, however, 
that there was a need for electrical firms to 
have on their staff someone who really 
understood the conditions in the aircraft 
under which their equipment would have to 
work. He was thinking of vibration, changes 
in temperature and humidity, and the need 
to make components easily removable, and 
above all the need to develop a reliable unit 
which would work satisfactorily under the 
conditions which occurred in the aircraft. 


S. M. Parker: He entirely agreed that 
functioning and endurance testing of com- 
ponents of a system should be got on with as 
soon as the unit was available, without 
waiting for the complete system. There was 
never any substitute for time. 
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THE BERLIN AIR LIFT 


by 


Air Commodore J. W. F. MERER, C.B. 


The 798th Lecture to be read before the 
Royal Aeronautical Society was given on 
13th April 1950 at the Institution of Civil 
Engineers, Great George Street, S.W.1. Sir 
John S. Buchanan, C.B.E., F.R.AeS., 
President of the Society, introduced the 
Lecturer, Air Commodore J. W. F. Merer, 
C.B., R.A.F., who was Officer Commanding 
No. 46 Group, Transport Command from 
1947 until the conclusion of the Berlin Air 
Lift in 1949, when he was appointed Director 
of Navigation and Control, Air Ministry. 


[NTRODUC ING the paper Air Commodore 

Merer pointed out that the Americans, the 
French and the British were concerned in a 
close partnership in the Air Lift, but the 
Americans carried by far the larger portion 
of the load delivered into Berlin. The spirit 
of comradeship and endeavour which that 
joint task engendered was one of the hearten- 
ing experiences of the operation and beyond 
all praise. 


THE SITUATION 


With the stoppage of rail traffic between 
Western Germany and Berlin by the Russians 
“for technical reasons” on 24th June 1948, 
all surface communications were finally 
severed. The British, American and French 
authorities were then faced with the necessity 
to transport by air the complete requirements 
of the German population of the Western 
Sectors, together with the Allied forces of 
Occupation and the Military Government 
staffs in the city, the whole totalling some two 
and a quarter million persons. These 
requirements represented an inflow of the 
order of 12,000 short tons a day prior to the 
severance of surface communications. By 
rigorous economies and adjustments these 
were scaled down by the Allied authorities 


within the city to about 4,500 short tons a 
day, which was an estimate of the minimum 
tonnage on which the city could subsist. The 
daily air lift of this tonnage was the task 
initially presented to the Royal Air Force and 
the United States Air Force, although the 
target was raised progressively as the months 
went by. 


THE QUADRAPARTITE AGREEMENT 


The problem of supplying Berlin by air 
was complicated by the limitations imposed 
by the Quadrapartite Agreement of Novem- 
ber 1945, between Great Britain, U.S.A., 
France and Russia. Although this inter- 
national agreement critically reduced the air 
space available for the air lift operations, 
both the British and American operating pro- 
cedures were carefully designed to respect 
these restrictions. 

Under the agreement all air traffic between 
Berlin and the Western Zones of Germany 
is confined within three corridors, twenty 
miles wide and extending from ground level 
to 10,000 feet, leading respectively to 
Hamburg and Hannover in the British Zone, 
and to Frankfurt in the U.S. Zone. The 
lengths of the corridors between the boundary 
of the Western Sectors of Berlin and their 
points of entry to the Western Zones are :— 


Hamburg 95 miles 
Hannover 117 miles 
Frankfurt 216 miles 


The two northern corridors traverse com- 
paratively flat country, whereas the greater 
length of the Frankfurt corridor is over 
broken hilly country up to 3,000 ft. high. 
All three corridors terminate in the Berlin 
Control Zone, a circular area of twenty miles 
radius centred in the heart of the city. Air- 
craft have freedom of passage within this 
area except within a two mile radius of 
Russian airfields, of which there are seven 
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in the small area in and around the city. 
Needless to say, no radio or radar aids to 
navigation were available to the air lift within 
Russian occupied territory. 


EVOLUTION OF THE OPERATION 


Although the Russians had imposed a 
series of progressively more _ rigorous 
restrictions on the movement of road, rail and 
canal traffic into Berlin during April and 
May of 1948, it was not fully apparent until 
a few weeks before the start of the air lift at 
the end of June that the stoppage was likely 
to become absolute. Little opportunity, 
therefore, was given to the British, American 
and French authorities for the deliberate 
preparation of plans for the air lift. More- 
over, once the operation was mounted, there 
was little indication of its probable duration. 
This short preliminary notice and subsequent 
uncertainty are reflected in the evolution of 
the operation. 

The Berlin Air Lift can be divided into 
four well-marked phases. The first, from 
June to September 1948 was one of rapid 
improvisation, in which the British and 
American efforts developed side by side in 
a loose co-ordination. The second, from 
October 1948 to February 1949 was marked 
by the creation, in the middle of October of 
the British/American “‘Combined Air Lift 
Task Force,” by which the British and 
American operations were completely inte- 
grated. During this period the organisation 
of the British and American components of 
the Combined Force was consolidated and 
improved and common operating procedures 
were introduced. The third phase, beginning 
in March, 1949, saw the inception of long- 
term plans to sustain the air lift indefinitely 
on an agreed scale of effort calculated to 
provide a reasonably generous standard of 
life within Berlin and to maintain the 
industrial economy of the city. 

The formal reopening of surface communi- 
cations on 12th May 1949, was followed in 
July by the beginning of the final phase, the 
planned run-down of the air lift. The start 
of the run-down was delayed until the flow 
of supplies by road, rail and canal had 
developed to its former level, and a stock 
pile had been accumulated within the city as 
an insurance against a future stoppage; but 
it was completed by October 1949. 

The first load of supplies on Operation 
“Plainfare,” or “Carter Paterson” as the 
British share of the air lift was originally 
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known, was delivered to Berlin by a R.AF, 
Dakota on 28th June 1948. A small detach. 
ment of Dakotas of Transport Command had 
been positioned at Wunstorf a few days 
previously. These were joined by further 
Dakotas and Yorks of Transport Command 
which operated into Gatow, the terminal air- 
field in the British Sector of Berlin. From 
the beginning this transport force operated at 
maximum intensity throughout the 24 hours 
under the direction of the Commander-in- 
Chief, British Air Forces of Occupation, who 
was responsible for the conduct of the air 
lift within his Command. 

Meanwhile, on 26th June, the U.S.A.F. had 
started the delivery of supplies into 
Tempelhof, the airfield in the American 
Sector of Berlin, using mainly C.47s based 
at Rhein-Main and Weisbaden. By October 
these C.47s had been replaced by C.54s, 
They labelled their share of the air lift 
“Operation Vittles.” 


On Sth July, the R.A.F. transport force 
was augmented by Sunderlands of Coastal 
Command which operated from a temporary 
base at Finkenwerde on the River Elbe, west 
of Hamburg, on to the Havel Lake, adjoining 
Gatow. They were joined early in August 
by two Hythe flying boats operated by a civil 
charter company. The flying boats continued 
to operate until 16th December when they 
were finally withdrawn because of the antici- 
pated freezing of the Havel Lake and the 
risks of icing-up on take-off from fresh water. 
They were not subsequently reintroduced 
into the air lift because by the spring of 1949 
the traffic flow down the corridors was 
approaching saturation point and the diffi- 
culties of fitting them into the pattern out- 
weighed their usefulness. Throughout their 
operations they were handicapped by the 
lack of adequate ground aids for navigation 
and landing approach, and in consequence, 
their flying had to be restricted to daylight 
hours and visual flight conditions, but they 
provided a valuable contribution at a time 
when every ton was vital. Their introduction 
on the air lift was also a proof of our deter- 
mination to use every means in our power to 
sustain the life of Berlin. 

In point of fact the first civil charter 
company to be employed on the air lift began 
to operate from Buckeburg into Gatow on 
27th July, carrying petrol in Lancastrians 
specially fitted with internal tanks. On 8th 
August they moved to Wunstorf where they 
joined a number of other civil charter aircraft 
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THE BERLIN AIR LIFT 


which had arrived there a few days pre- 
viously. 

By the middle of July the concentration of 
R.A.F. Dakotas and Yorks at Wunstorf had 
built up to over 90 and far exceeded the 
capacity of that station to operate the aircraft 
efficiently and to accommodate the personnel. 
At the end of the month the R.A.F. Dakotas 
were therefore moved to Fassberg where they 
were joined a few days later by nine civil 
Dakotas chartered for the air lift. The 
arrival at Fassberg on 21st August of three 
squadrons of U.S.A.F. C.54s necessitated a 
further move of the R.A.F. and civil Dakotas 
to Lubeck. 


About the end of August there were indi- 
cations that the Russians might be prepared 
to discuss the political situation in Berlin, 
the inference being that the restoration of the 
surface communications might result. The 
indications proved false and it now became 
evident that the air lift must not only be 
maintained at its existing capacity, but 
expanded considerably during the winter 
months ahead. 

By this date the transport force operating 
from the British Zone comprised about 90 
R.A.F., 30 British civil and 60 U.S.A.F. air- 
craft and was located at four bases, Wuns- 
torf, Gassberg, Lubeck and Finkenwerde. 
The control of their operations, and in 
particular the co-ordination of the traffic 
within the corridors, and in the focal Berlin 
area, could no longer be handled effectively 
by the operations staff at Headquarters, 
B.A.F.O., who had been called on at short 
notice to undertake the planning and conduct 
of the air lift in addition to their normal 
tasks. Moreover, the air and ground crews, 
were beginning to feel the strain of a most 
intensive and prolonged routine which had 
evolved on the supposition that the operation 
would be of short duration. | Among the 
factors which contributed to this strain were 
the very long hours which the individual, of 
necessity, had been called on to work and fly 
daily since the beginning of the operation, 
and the frequently over-crowded domestic 
accommodation. It must be remembered 
that the airfields used had been selected more 
or less in haste because of their immediate 
availability and their geographical proximity 
to the air corridors. None were suitable for 
intensive and continucus air transport opera- 
tions without extensive additions and 
alterations, both to the technical installations 
and to the domestic housing. In general 


terms the operation had expanded to a stage 
where a specialised control and a wider 
decentralisation of the organisation were 
needed. 

On 22nd September an advanced opera- 
tional headquarters was detached to Germany 
from Headquarters 46 Group, which I was at 
that time commanding in Transport Com- 
mand, to assume the control, under the 
orders of the Commander-in-Chief, B.A.F.O. 
of all the British aircraft engaged on the air 
lift. My “ Advanced Headquarters, No. 46 
Group” as it was called, consisted of a 
skeleton operations staff, including signals, 
navigation, air movements and air traffic 
control specialists and technical staff, the 
whole totalling twenty-one officers and 
airmen. 

My responsibilities were two-fold :— 

To the Commander-in-Chief, B.A.F.O. 
for the control and utilisation of the British 
air transport operations, and their co- 
ordination with those of the U.S.A.F. units 
based in the British Zone. 

To the Commanders-in-Chief, Transport 
and Coastal Commands for the correct 
employment and utilisation of the aircraft 
and crews, air and ground, supplied by 
them. 

The administration of the R.A-F. airfields 
in Germany from which the aircraft operated 
was retained by Headquarters, B.A.F.O., but 
at the beginning of December “ Advanced 
Headquarters No. 46 Group” was expanded 
to a full transport group establishment, with 
certain additions to cover the special require- 
ments of the air lift, and assumed complete 
control of its air lift bases. It is of interest 
that the U.S.A.F. organisation for the control 
of operations within the American Zone 
developed on almost identical lines. 

The arrival of further R.A.F. and civil 
Dakotas at Lubeck during September had 
resulted in the over-crowding of that station, 
and on 5th October the 10 civil Dakotas 
were transferred to Fuhlsbuttel, the civil air- 
port of Hamburg controlled by the Civil 
Aviation Division, Control Commission, 
Germany. The transfer of the civil Dakotas 
to Fuhlsbuttel created a situation unusual 
even for Operation “Plainfare.” Hitherto 
all the civil charter companies’ aircraft had 
been located at R.A.F. stations where their 
operations had been co-ordinated with those 
of the R.A.F. squadrons by the Station 
Commander, their crews accommodated and 
certain services provided by the R.A-F. 
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Although their operations continued as 
before to be directed and controlled by 
Headquarters 46 Group, the _ services 
previously provided by the R.A.F. were now 
provided by the Control Commission, 
Germany (C.C.G.). The executive authority 
at the airport was the Airport Manager. The 
airport civil operations staff was supple- 
mented by R.A.F. operations officers for 
briefing and operations control duties. 


In the middle of September, the R.A.F. 
Dakota force at Lubeck was joined by a 
Royal Australian Air Force squadron of 12 
complete crews. A South African Air Force 
squadron of 10 crews arrived in October, 
followed in November by three complete 
crews of the Royal New Zealand Air Force. 
These Commonwealth crews flew the R.A.F. 
Dakotas and operated continuously up to the 
end of the air lift as an integral part of the 
Dakota force. 

By the end of September it had become 
clear that to ensure maximum efficiency and 
safety, a much closer co-ordination was 
required in the control of the combined traffic 
flowing into Berlin from both the British and 
the American Zones. The main factors to 
be considered in the design of a common 
traffic pattern were : — 


The difference in navigation technique 
between the R.A.F. and U.S.A.F., to which 
I shall refer later. 

The differences in speed and perform- 
ance between the nine types of British and 
American aircraft using the northern and 
central corridors. By early October R.A.F. 
Yorks and civil Lancastrians, Tudors, 
Haltons and Vikings were located at 
Wunstorf; R.A.F. Dakotas at Lubeck; civil 
Dakotas and Wayfarers at Fuhlsbuttel; 
R.A.F. Sunderlands and civil Hythes at 
Finkenwerde; and U.S.A.F. C.54s_ at 
Fassberg. 

And finally, the physical volume of 
traffic, and the need to equalise the flow 
into Gatow and Tempelhof. The British/ 
American aircraft operating into Beriin 
now totalled about 250. The average 
number of landings in 24 hours at each 
airfield was:— 


Gatow 380 
Tempelhof 220 
The proposal then under consideration for 
the transfer of a further 30 or 40 C.54s from 


the Frankfurt area to the British Zone, in 
order to reduce their time of flight into and 
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out of Berlin, would further aggravate the 
difficulties. 

Associated with these operational factors 
was the major principle that the supply of 
Berlin should be treated as a common Anglo- 
American problem, and that the control of 
the R.A.F./U.S.A.F. air lift activities should 
be centralised, if possible. 

Discussions between Headquarters, 
B.A.F.O. and Headquarters, U.S.A.FE, 
resulted in the establishment on 15th October 
of the “Combined Air Lift Task Force” 
with General Tunner in command and 
myself as his deputy commander. Provision 
was made for an integrated U.S.A.F./R.AF. 
staff for the combined Headquarters. The 
Combined Headquarters was located at 
Weisbaden, but it was agreed that I should 
remain with my Group Headquarters at 
Buckeburg. Very close contact was main- 
tained subsequently by weekly visits by me 
to the Combined Headquarters, and by 
frequent staff visits. 

In the joint directive issued by the A.O.C.- 
in-C., B.A.F.O., and the Commanding 
General, U.S.A.F.E., the mission and 
function of the Combined Air Lift Task 
Force were defined as follows : — 


“Tts primary mission is to deliver to 
Berlin in a safe and efficient manner the 
maximum tonnage possible consistent with 
the combined resources of equipment and 
personnel made available. 

“Its major function shall be generally 
operational in nature rather than admin- 
istrative. The Commanding General is 
given command over all U.S. units and 
operational control of R.A.F. units to 
which aircraft are assigned, and which are 
directly engaged in the air lift effort.” 

It is significant that the mission of the Com- 
bined Air Lift Task Force had now become 
virtually an all-out effort to supply “the 
maximum tonnage possible” in the difficult 
winter period which lay ahead. 

On Ist November the first squadron of 
Hastings arrived at Schleswigland, which had 
been opened a short time previously as a 
“ Plainfare” station, and began to operate 
into Berlin on 11th November. They were 


joined by a number of civil Haltons from 
Wunstorf fitted for the carriage of liquid 
fuels. 

Tegel, the third airfield in Berlin, was 
opened for air lift traffic on 1st December, 
three months after the ground was first 
The project, which had_ been 
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THE BERLIN 


planned at the beginning of September in 
anticipation of the traffic saturation of Gatow 
and Tempelhof by the expansion of the 
air lift, was remarkable not only for the speed 
of its completion but also as a practical 
symbol of the solidarity of the Western 
Allies. The site was located in the French 
Sector of Berlin, the construction was under- 
taken by American engineers, the flying 
operations were subsequently controlled by 
the U.S.A.F., and it was commanded and 
administered by the French. British and 
American aircraft operated into it. 


Celle was opened on 15th December as 
a base for a group of four squadrons of 
U.S.A.F. C.54s. The decision to develop this 
second base for the U.S.A.F. in the British 
Zone had been taken late in September by 
Headquarters, B.A.F.O. and Headquarters, 
U.S.A.F.E. for the following reasons:— 


The lack of sites in the U.S. Zone at the 
entrance to the Frankfurt corridor suitable 
for rapid development as bases for the 
additional C.54s which were planned for 
the air lift. 

The far higher utilisation of aircraft 
which would result from the shorter 
distance to be flown to and from Berlin. 
Consideration had been given at the time 
to the transfer of the major portion of the 
C.54 force to the British Zone for this 
reason, but a study of the weather 
differential through the year between the 
British and American Zones showed the 
desirability of maintaining half the force in 
each Zone. Later experience proved the 
wisdom of the decision, at least in the 
winter months, since on a number of 
occasions weather stopped operations 
completely in the one Zone, while they 
were able to continue uninterrupted in the 
other. 

A further factor was the logistic diffi- 
cuities which would have resulted from 
the transfer. 


The preparation of the airfield was a 
remarkable piece of work by the Airfield 
Construction Branch of the Air Ministry 
Works Department. In two and a half 
months a 2,000 yd. concrete runway and 
concrete taxi tracks were laid, together 
with a loading and servicing area in pierced 
steel planking to accommodate 40 C.54s. 
Domestic accommodation was converted or 
constructed for more than 2,000 U.S. officers 
and men. 


AIR LIFT 


The command and administrative systems 
at Fassberg and Celle were similar. Both 
were R.A.F. stations commanded by R.A.F. 
officers, although in March 1949, the com- 
mand of Fassberg was given to a U.S.A.F. 
officer. The U.S.A.F. retained the control 
of their own operations and_ technical 
servicing, the latter with the assistance of 
the R.A.F. station workshops. Discipline, in 
the case of the U.S.A.F. personnel, was 
administered by the senior U.S. officer. 

With the coming of the New Year, there 
was still no sign of a break in the deadlock 
over the surface communications with Berlin 
and the preparation of long-term plans for 
the future was undertaken. A smooth and 
effective operational system and procedure 
had been evolved in the past months; the 
working hours and conditions of the 
individual had been carefully regulated to 
minimise fatigue and physical strain. The 
organisation had successfully stood the test 
of the bad weather of November, December 
and January. The operational and technical 
installations and the domestic accommoda- 
tion on the airfields must now be improved 
to a standard which would permit the air- 
craft and their crews, both air and ground, 
to maintain the highest possible level of 
efficiency over an indefinite period. 


A personnel factor of major importance 
was the period which the individual could 
be expected to continue on the air lift without 
loss of efficiency in the prevailing conditions. 
All the R.A.F. air crew were serving in 
Germany on attachment from Transport 
Command. Many had been employed con- 
tinuously since the beginning of the opera- 
tion, certainly with regular periods of rest 
in England but for a few days only at a time. 
The majority of the technical personnel, in 
the same way, was attached from Transport 
and other home Commands, although a 
scheme had been in operation since Decem- 
ber for the rotation of the individual back to 
his parent station in England after a minimum 
period of three months in Germany. 


For the purpose of the plan the R.A.F. 
daily tonnage target was reassessed at 1,000 
tons. This would involve the maintenance 
of a potential lift of 1,400 tons a day to 
compensate bad weather periods. The size 
of the R.A.F. transport force to be main- 
tained in Germany was planned to achieve 
this target. By a staggered rotation of the 
individual squadrons for a period of three 
months in Germany, followed by two months 
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in England, it was estimated that the air lift 
could be kept going at the required intensity. 
At the same time the crews could be given 
their annual leave and undergo essential 
training, and would be available for certain 
standing strategic commitments which, of 
necessity, had been scaled down during the 
air lift. In the implementation of the plan, 
provision would be made for the re-arming 
of the Dakota squadrons with Hastings, so 
increasing the total load potential of the force. 

The long-term plan so far as it affected 


personnel could only be implemented 
gradually, but on Ist May all R.AF. 
technical and administrative personnel 
attached from home Commands’ were 


replaced or transferred to the B.A.F.O. 
establishment. The squadron rotation plan 
was brought into operation on Ist July. The 
aircraft which belonged to Transport Com- 
mand returned periodically to the United 
Kingdom as before for base servicing; the 
air crew would continue to be attached to 
B.A.F.O. during their tour in Germany. 

A start was made in February with an 
extensive programme of construction on air- 
fields, the intention being to extend the 
facilities on the six existing base airfields in 
the British Zone to enable them to operate 
up to 60 four-engined aircraft each, and to 
prepare a seventh to the same standard. The 
construction of a third runway at Gatow was 
also started. 

On 15th March, Headquarters, No. 46 
Group was moved from Buckeburg to 
Luneburg where better accommodation and 
signals communications were available and 
which was more centrally located in relation 
to the air lift stations in the British Zone. 


Following the discussions between Russia 
and the Western Powers, surface communica- 
tions between Berlin and the Western Zones 
were reopened at midnight on 12th May, and 
the end of the air lift operation was in sight. 
However, for the reasons I have already 
stated, the decision was taken to continue 
the air lift at its existing intensity. It is of 
interest that the daily average British lift of 
1,920 tons throughout June was its highest 
in any month during Operation “ Plainfare,” 
and that on a number of days during the 
month the tonnage exceeded 2,900. 

In July, the British effort was scaled down 
to a slightly lower intensity and on Ist 
August the planned run-down of the air lift 
began. By mid-August all the civil charter 
aircraft had been withdrawn; on 26th August 
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the last squadron of Yorks left, and on 23rd 
September the Dakotas which had opened 
the air lift 14 months previously, flew their 
last sorties into Berlin. A small force of 
Hastings remained to keep alive the 
technique of the air lift against future 
eventualities. 


CIVIL AIR LIFT DIVISION 


The civil aircraft employed on the air lift 
were chartered by the Foreign Office, who 
appointed the British European Airways Cor- 
poration as their charter agents. On 4th 
August 1948 the B.E.A.C. Regional Manager, 
Germany, was given the responsibility on 
behalf of the Corporation for the supervision 
of the charter companies’ activities in Ger- 
many in addition to his duties as Commercial 
Manager. This date may be regarded as the 
formal inception of the Civil Division of the 
Air Lift although, as I have described earlier, 
a number of civil aircraft were already 
operating before that date. Liaison officers 
were also provided by the Corporation on 
the R.A.F. stations in Germany to provide 
a channel through which the R.A.F. could 
pass their instructions. 


Throughout the operation the R.AF. 
exercised the operational control of the air- 
craft and provided domestic accommodation, 
hangars and workshop facilities on the 
station, technical assistance and certain 
services, such as M.T. and petro!, oil and 
lubricants. Fuhlsbuttel was a special case 
as I have pointed out. The flying and ground 
personnel were integrated into the life of the 
R.A.F. stations, sharing the amenities and, 
I should add, the earlier discomforts of the 
improv.sation phase. 


At the beginning of December, an opera- 
tions staff was provided by B.E.A.C. in the 
Operations Control on each of tie three air- 
fields to provide a closer co-ordination of 
their operations with those of the R.AF. 
under the Station Commander; and an 
administrative officer to look after their 
administrative problems. In February, the 
B.E.A.C. Regional Manager was appointed 
“Manager, Civil Air Lift” and relieved of 
his other duties to enable him to devote his 
whole attention to the operation. On Ist 


April the Corporation created an autono- 
mous “Civil Air Lift Division” under him 
which joined my Headquarters at Luneberg, 
and the integration of the R.A.F. and civil 
operations was then complete. 
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THE BERLIN AIR LIFT 


The expansion and composition of the 
civil fleet are an interesting study. In 
August 1948, the average strength was 17 
aircraft consisting of eight Dakotas, three 
Haltons, two Hythes, three Lancastrians and 
one Liberator. Of these 82 per cent. were 
dry freight carriers. By May 1949 the 
average daily strength had expanded to 47 
capable of maintaining a daily lift of over 
750 tons. On 22nd May, their record day, 
1,010 tons were lifted. During that period, 
the composition of the fleet had undergone 
a radical change. The twin-engined light 
load carriers had been replaced by four- 
engined aircraft; and by May 76 per cent. of 
the aircraft were engaged on the carriage of 
liquid fuels. At one time or another during 
the operation, no fewer than 23 charter com- 
panies, as well as B.O.A.C. and B.SS.A., 
took part and 10 different types of aircraft 
were used, including the Dakota, Halton/ 
Halifax, Hythe, Lancaster /Lancastrian, 
Liberator, Lincoln, Tudor, Viking, Way- 
farer/Freighter and York. By the end of 
the air lift the civil fleet had delivered 
146,980 tons to Berlin in 21,921 sorties, a 
tonnage which, I believe, is almost double the 
weight of mail and cargo carried by all 
British civil aircraft on scheduled services in 
the 23 years from 1924 to 1947. 


The liquid fuels, consisting of petrol, 
kerosene and diesel oil, deserve special men- 
tion as the entire civil and military require- 
ments of Berlin were carried almost 
exclusively in the British civil charter air- 
craft. The first three civil aircraft to join 
the air lift were Lancastrians carrying petrol. 
By May 1949 the tanker fleet had expanded 
to an average strength of 36 aircraft, con- 
sisting of 7 Tudors, 13 Haltons, 14 Lan- 
castrians and 2 Liberators, based at Wuns- 
torf, Schleswigland and Fuhlsbuttel. The 
daily average tonnage of fuels lifted for that 
month was 578 tons, against the target of 550 
tons. The system employed at Wunstorf and 
Schleswigland was to pump the fuel into the 
aircraft from bulk underground storage 
tanks. They were de-fuelled at Gatow and 
Tegel by gravity, also into underground 
storage tanks. An underground fuel instal- 
lation with pressure delivery was under 
construction at Fuhlsbuttel as part of the 
long-term plan when the air lift ended. 

Apart from the diversity of aircraft types, 
the companies themselves differed consider- 
ably in material resources, personnel strength, 
Operating standards and technical efficiency. 


In the early days some of the aircraft lacked 
de-icing equipment and the requisite radar 
navigation aids. The supply of spare parts 
for some of the aircraft types was a source 
of anxiety right up to the end of the air lift. 
With all these factors it was difficult indeed 
in those days to assess the operational 
potential of the fleet, but by the spring of 
1949 most of the uncertainties had been 
resolved. Thereafter an intensive, if 
occasionally somewhat irregular, effort could 
be counted on. The experience of the air lift 
showed that the civil charter companies can 
provide a highly effective contribution in 
strategic air transport operations alongside 
the R.A.F. if certain principles are observed; 
and emphasised their importance as a 
potential strategic reserve. 


PROCUREMENT AND HANDLING OF 
SUPPLIES 


The basis for planning by all agencies 
involved in the procurement and handling 
of the commodities required by Berlin was 
an advanced forecast of the capability of the 
transport force issued monthly by Head- 
quarters, Combined Air Lift Task Force 
(C.A.L.T.F.). This was presented as an 
estimate of the daily tonnage which could 
be lifted. 

The allocation of the tonnage and the 
priority in delivery of the commodities to 
meet the specific requirements of German 
subsistence and industry and of the occupa- 
tion forces, was made by the Berlin Air 
Staff Committee composed of representatives 
of the American, British and French Military 
Governments within the city. No subsequent 
departure either from the allocation or from 
the priority was permitted without clearance 
by them. 

The firm allocations were transmitted in 
turn to the Berlin Air Lift Co-ordinating 
Committee (BEALCOM), the procurement 
agency, located in Frankfurt and composed 
of representatives of the British and Ameri- 
can Control Commissions, the two Army 
movement and suppy organisations, and the 
C.A.L.T.F. traffic staff. Thus, in the case 
of the British, it was ultimately the respons- 
ibility of the Control Commission Germany 
(C.C.G.) to arrange the procurement and 
delivery of the supplies to the air lift bases 
in conformity with the agreed programme 
and priorities. 

The supplies arriving at the airfields in the 
British Zone, including Fassberg and Celle, 
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and at Gatow, were handled by a British 
Army formation known as the Army/Air 
Transport Organisation (A.A.T.O) which is 
a standard organisation for air transport 
operations, although its establishment may 
vary according to the nature and scope of a 
particular operation. The Headquarters, 
A.A.T.O., commanded by a brigadier, was 
located with my own Headquarters and in 
effect we worked as one integrated formation 
to ensure the closest possible liaison, which 
‘was so obviously essential. The Commander, 
A.A.T.O. not only instructed his units on 
the airfields of the quantities and priorities 
of commodities to be loaded daily, but also 
advised the C.C.G. on stocks to be main- 
tained on airfields, and co-operated with the 
bi-zonal authorities in the preparation of the 
delivery programme. He advised me on the 
allocation of the commodities to particular 
airfields and on the specialised installations 
for handling and loading. All the motor 
transport and German labour required for 
loading and unloading was controlled by the 
A.A.T.O. 

The A.A.T.O. unit on each base airfield 
was the “Rear Airfield Supply Organisa- 
tion” (R.A.S.O.) which received and stored 
the commodities and loaded them into the 
aircraft under the supervision of the R.A.F. 
Air Movements Section. The latter were 
responsible for the documentation and the 
correct disposition and lashing of loads in 
the aircraft. 

The unit at Gatow was the “ Forward Air- 
field Supply Organisation ” (F.A.S.O.), which 
unloaded the aircraft and handed over to the 
Tepresentative of Military Government Berlin 
the commodities for the German economy, 
and to the British military authorities the 
supplies for the British occupation forces. 
Backloads from Berlin either of German 
civilians, mail or freight, were handled by 
the R.A.F. Air Movements Section. I 
should add that the volume of backloaded 
traffic was quite formidable and that by Ist 
October 1949, just prior to the termination 
of the air lift, the R.A.F. had flown out of 
Berlin a total of 98,000 German passengers, 
23,800 tons of mail and 11,800 tons of 
freight, the latter mainly the manufactured 
products of the German factories in the city. 
British passengers are not included in these 
figures. The relief of two of the British 
battalions in the city, together with their 
families, was undertaken as part of the 
normal routine of “ Plainfare.” 
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The supplies carried into Berlin for the 
German population can be broadly divided 
into food, coal, liquid fuel and economic 
freight, which included the thousand and one 
items not included in the other categories, 
As I have already pointed out, the daily 
minimum supply requirements for the civil 
population and the forces of occupation was 
originally estimated in June 1948 at 4,500 
tons. This estimate was revised in October 
to 5,620 tons, broken down approximately 
as follows :— 


Food ; ee 26 per cent. 
British, U.S. and French 

Forces 


As the air lift tonnage aneitin progres- 
sively increased, it became possible to 
improve the daily ration of the city’s 
inhabitants and to raise the living conditions 
to a higher standard. Liquid fuel was sub- 
stituted as far as was practicable for coal, 
since it was easier to handle and provided 
more effective heating. Nevertheless, it is of 
interest that of the total weight of supplies 
delivered by the combined air lift up to the 
end of July 1949, about 65 per cent. was 
coal. The tonnage of food carried remained 
constant at about 25 per cent. 


The variety in the nature, weight and bulk 
of the commodities to be carried complicated 
the work of selection, loading and lashing in 
the aircraft. Awkward items, such as steel 
girders and electric generating plant for the 
Berlin West power station, bulldozers and 
M.T. vehicles, had to be lifted, in addition to 
the normal domestic commodities, which 
themselves presented special problems. Thus 
aircraft floors had to be sealed against coal 
dust and flour. To avoid corrosive effect, 
salt, of which 38 tons were required daily in 
Berlin, was carried in the flying boats, which 
were anodised, and after these were with- 
drawn, in Halton freighters, fitted with 
external panniers. Packaging was drastically 
reduced or removed to save weight; where 
possible food and vegetables were dehy- 
drated. Finally, to facilitate handling, the 
smaller items were broken down into units of 
about 200 Ib., and the coal was bagged in 
units of 100 lb. Light bulky commodities 
were balanced with heavy items to utilise 
fully the weight capacity of each aircraft. 


The diversity of types of British aircraft 
added further to the problem. Factors 
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which had to be allowed for were the size of 
the aircraft door and its location, the height 
of the cabin floor above ground level, floor 
strength and angle when the aircraft was in 
the loading attitude. All the British aircraft 
had side doors, with the exception of the 
Bristol Freighter and Wayfarer. The exper- 
ience gained with the latter emphasised most 
powerfully the advantage of end-loading for 
intensive freight-carrying operations, not only 
in the physical process of loading, but also 
in the total size of the hardstanding area 
required by the aircraft. With side doors 
additional space was required to enable the 
vehicles delivering the loads to manceuvre up 
to the aircraft, and the risk of damage to 
the structure by careless driving, particularly 
at night, was increased. Moreover, since the 
hardstanding area had to be surfaced with 
bitumen or pierced steel planking, the 
preparation of the airfields called for 
additional works services. For ease of load- 
ing the aircraft doors themselves should be 
as large as possible to take bulky freight or 
vehicles, and the aircraft floor should be 
horizontal in the loading attitude. 

Trial and error showed that for normal 
loads the most speedy and effective system 
was to use 10-ton lorries, since that was the 
capacity of the largest aircraft, and to 
transfer the loads direct from the lorry to the 
aircraft by hand. This system had also the 
great advantage of flexibility in dealing with 
the numerous types of aircraft with their 
differing features. Fork lifts, and in excep- 
tional cases loading ramps, were used for the 
bulky awkward items. Each lorry had a 
standard team of men and the whole process, 
including the backing up to the aircraft, was 
reduced to a meticulous drill. The U.S.A.F. 
were in the happier position of operating one 
type of aircraft, the C.54, although they also 
used a number of Fairchild C.82s from their 
zone. Moreover, their squadrons at Fassberg 
and Celle carried mainly standard loads of 
coal, a factor which gave them a quicker 
turn round and hence a higher utilisation 
rate. 


OPERATIONAL CONTROL 
ORGANISATION 


A limiting factor in the delivery of the 
maximum tonnage into each of the terminal 
airfields in Berlin was the planned rate at 
which they could accept, unload and turn 
round the aircraft. It was essential, there- 
fore, that the aircraft should arrive on the 


boundary of the Berlin Control Zone 
uniformly at the planned rate. Apart from 
the collision risks in instrument weather and 
at night, if the aircraft failed to maintain 
their uniform intervals, large adjustments in 
cruising speed on route from base were both 
undesirable and impracticable. In the final 
analysis, therefore, the uniform rate of 
arrival on the boundary of the Berlin Control 
Zone depended on effective control of the 
time of take-off from its base of each 
individual aircraft. 

At the peak of the air lift, the aircraft from 
all six of the widely separated airfields in the 
British Zone had to be phased into a steady 
stream at uniform intervals within the 
northern corridor. The problem of control 
of the stream consisted of two parts: — 

The co-ordination of the flow from all 
the airfields. 

The contro] at each airfield of the des- 
patch of individual aircraft. 

The traffic pattern and the block times of 
despatch from each airfield were planned by 
Headquarters, Combined Air Lift Task 
Force. The co-ordination of the flow of 
aircraft based in the British Zone to con- 
form with the current plan was exercised 
from the Operations Control Room at my 
Group Headquarters, which was in direct 
telephone communication with the Operations 
Control Room of each station, with Head- 
quarters, C.A.L.T.F. and with the Area Air 
Traffic Control Centre. 

The elements involved in the despatch of 
individual aircraft from each airfield in 
accordance with the traffic plan were: — 

Nomination of the air crew. 


Technical servicing and preparation of 
the aircraft. 

Loading. 

Despatch in conformity with the pre- 
planned schedule. 

Each of these four “elements” was directed 
at the airfield by a subsidiary control through 
which the Station Operations Control exer- 
cised its function of co-ordination. The 
layout of the control organisation was 
standardised on all the R.A.F. stations. The 
technical and load controls were always 
located alongside one another, since the 
servicing and loading of individual aircraft 
had to proceed concurrently, if delays in 
despatch were to be avoided. 

In practice, therefore, I maintained a 
continuous supervision of the operations 
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THE BERLIN AIR LIFT 


from each station, including Gatow, through 
my Group Control; each Station Commander 
exercised his direction through his Station 
Control and its four subsidiary controls. 


The task of “air crew control” was to 
provide an air crew for each sortie, at the 
same time ensuring that the individual had 
regular rest and sleep and a balanced share 
of day and night flying. 

It was found by experience that the 
maximum sustained intensity of flying which 
could be expected of a crew without loss of 
efficiency, was about 70 hours a month and 
two consecutive sorties in a 24-hour period; 
the “working day” should be limited as 
nearly as possible to 8 hours. The “cycle” 
of duty for each individual had to allow not 
only for adequate rest and sleep between 
periods of flying, but also periodic leave, and 
squadron rotation between the United King- 
dom and B.A.F.O. when the rotation scheme 
was introduced. The employment of crews 
therefore followed a certain rhythm not 
readily susceptible to adjustment. 


The rhythm could be upset locally by the 
diversion or delays of crews away from base 
because of weather or aircraft unservice- 
ability, by delayed return from the U.K. from 
leave, by postings, or an unexpected inci- 
dence of sickness among members of the 
same air crew trade. The random “crewing 
up” of individuals did not provide the ready- 
made solution since the individuals of a 
scratch crew might have to be brought into 
step. 

The “technical control” was responsible 
for progressing the turn round of aircraft, 
including refuelling, rectification and sched- 
uled servicing. Detailed state boards were 
maintained continuously for each aircraft on 
the station, from which the technical control 
could estimate within minutes the time at 
which it would be ready to take off after 
turn round from a previous flight, or after 
rectification. The time an aircraft was fore- 
cast as serviceable for flight was passed to 
air crew and load controls to enable them to 
co-ordinate their own detail. 

The “load control” was an integrated 
R.A.F. Air Movements/Army R.A.S.O. 
Section, responsible for making up aircraft 
loads and calling them forward for loading 
into aircraft while the latter were being 
refuelled. By close co-operation between the 
load and technical controls it was possible 
to match loads to aircraft, so that awkward 
freight which would have taken some time 


to load was placed in aircraft which were 
undergoing minor rectification. In this way 
serviceable aircraft were not delayed on the 
ground unnecessarily. 

In addition to its normal functions of 
control, air traffic control was responsible for 
ensuring that aircraft were despatched 
exactly at the planned time. For this purpose 
the take-off times for each aircraft were 
passed to the Air Traffic Controller by the 
Station Operations Controi. 


TRAFFIC PATTERN 


The flight between the base airfields in 
the British Zone and the terminal airfields in 
Berlin consisted of three phases :— 


Climb and let-down pattern in the base 
area. 


Traverse of the corridors. 


Let-down and climb pattern in the Berlin 
Control Zone. 


In the later stages of the air lift, the 
inbound traffic from the British Zone was 
fed into Tegel and Gatow down the northern 
corridor, while that from the U.S. Zone went 
into Tempelhof. All outbound traffic used 
the centre corridor with the exception of the 
Fuhlsbuttel and Schleswigland aircraft, which 
returned up the northern corridor below the 
incoming streams. 

Traffic from the six British airfields con- 
verged on the northern corridor, where it 
was phased into two continuous streams 
superimposed on each other, the 500 ft. 
height levels between 1,500 and 2,500 ft. 
being assigned to the Tegel traffic, and those 
between 3,500 and 5,500 ft. to the Gatow 
traffic. One height level was alloted to the 
aircraft of each station, with the exception 
of the C.54s from Fassberg and Celle. The 
3,000 ft. level was kept clear as the emergency 
altitude. 

Aircraft climbed out from their base to 
operating height at an allotted air speed and 
were routed to the entrance of the corridor 
to avoid as far as possible the climbing and 
let-down patterns of the other bases. A 
wide detour was obviously impracticable 
and, where traffic streams crossed, a 
minimum vertical separation of 1,000 ft. was 
established at the cross-over point. The 
turning points and the corridor entrance 
were marked by radar beacons for the British 
aircraft and by M/F beacons for the 
American. In view of the navigational 
limitations of the U.S.A.F. C.54s, each 
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alternate aircraft was stepped up 500 ft. as 
a safety measure. Thus each U.S. block 
occupied two height levels. As a further 
safety measure, blocks of aircraft of different 
types were separated horizontally by a 
6-minute interval. The same principle was 
employed in routeing the traffic back to the 
bases from the western end of the centre 
corridor. 

At the Berlin end, the two inbound 
streams down the northern corridor diverged 
at Frohnau, the Gatow traffic over-flying 
Tegel. Outbound, the Tempelhof. traffic 
flew at 7,500 and 8,500 ft. to clear the traffic 
returning to the British Zone at the lower 
altitudes. 

The density of the traffic in the Berlin air- 
fields can be visualised from the total 
number of flights into the three airfields in 
24 hours, which ranged from an average of 
868 in April to 886 in July 1949. Each 
flight involved a landing and take-off. On 
16th April, when an all-out effort was made 
to test the traffic procedure, 2,796 movements 
were made into and out of Berlin by the 
C.A.L.T.F., or one every 30.9 seconds 
throughout the 24 hours. The tonnage 
lifted that day was 12,940. 


SYSTEM OF DESPATCH OF AIRCRAFT 


At the beginning of the air lift, when the 
aircraft in the British Zone used the central 
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corridor only, they were despatched in a 
continuous flow at uniform time intervals 
and with an appropriate height separation 
between different types. Each aircraft was 
allotted a time to pass over a check point 
20 miles from Gatow and the navigator com- 
puted his flight plan backwards from that 
time to determine his take-off time. Later, 
when the number of despatching bases had 
increased and one-way traffic down the 
northern corridor and out by the central was 
introduced, the check point was established 
at Frohnau at the Berlin end of the northern 
corridor in the French Sector and “ marked” 
by a radar beacon. 


The arrival at Fassberg of the U.S.A. 
C.54s with their different navigation tech- 
nique necessitated the modification of the 
system of continuous despatch. The R.A.F. 
aircraft carried a navigator and _ were 
equipped to use Gee, radar and M/F 
beacons. Therefore they could navigate the 
flight plan accurately, pin-pointing their 
positions in all weather conditions and at 
night, since they had a continuous check on 
course to steer and distance to run from the 
radar beacons marking the turning points 
in the traffic pattern. By this means they 
were enabled to maintain a correct spacing 
within the aircraft stream at all times by 
reference to the ground. The C.54s on the 
other hand carried no navigator and relied 
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THE BERLIN AIR LIFT 


on radio ranges and M/F beacons, and 
visual/aural ranges. They were unable, 
therefore, to pin-point their position between 
beacons, except in visual flight conditions 
and they depended on accurate course keep- 
ing and maintenance of the correct air speed 
to preserve their spacing in the aircraft 
stream. Any marked change in the wind 
velocity from that used in the flight plan 
might obviously affect the spacing of each 
aircraft relative to its neighbours and that 
of the C.54 block relative to the rest of the 
stream. 

To enable the British and American air- 
craft to be phased into the traffic stream and 
to maintain a continuous flow, a “time 
block” despatch system was devised by 
which each base was allocated blocks of 
time over Frohnau, the radar beacon there 
being supplemented by an M/F beacon for 
U.S.A.F. use. As the C.54 was the heaviest 
load carrier and, with its standard load, was 
able to complete a sortie cycle in approxi- 
mately four hours, including unloading in 
Berlin, and refuelling and reloading at base, 
the duration of the block was fixed at four 
hours to ensure their maximum utilisation. 
Each block was repeated six times a day. 
On the other hand, the sortie cycle of the 
British aircraft with their non-standard 
loads, their differing performance and their 
longer flight times, frequently exceeded four 
hours. The recurring peak load thrown on 
the servicing and loading organisation 
rendered it impossible to turn round some of 
the aircraft in time for the next block 
despatch, with a consequent loss in their 
utilisation. 


The substitution of a two-hour block for 
the four-hour block went some way towards 
ironing out the peak loads on the British 
organisation and it improved utilisation by 
ensuring that an aircraft which was ready to 
fly too late for one block despatch, did not 
have to wait upwards of four hours for the 
next. To secure a further improvement, an 
hourly despatch system was subsequently 
adopted. Each airfield in succession flew off 
a wave of aircraft at an interval of three 
minutes between aircraft, the total despatch 
occupying a period of an hour. 

The lesson to be derived was that if 
circumstances prevent the adoption of “con- 
tinuous despatch,” which is the most efficient 
system, and the time block system is 
employed as an alternative, the frequency 
of the block cycle and the number of aircraft 


in each block . require careful 


consideration. 


RATE OF DESPATCH 


At the beginning of the air lift, aircraft 
were spaced at six-minute intervals. This 
was later reduced to three minutes as the 
number of aircraft increased and the effi- 
ciency of the operation improved. Event- 
ually, when Gatow had two runways in use, 
one for landing and one for despatch, a 
despatch rate of one aircraft every two 
minutes was achieved in visual flight con- 
ditions. In instrument conditions it was 
found that an experienced G.C.A. team could 
handle traffic at a maximum sustained rate 
of one every five minutes, and over short 
periods up to about an hour, a rate of one 
in three minutes was achieved. On one 
occasion 241 landings were made in 24 
hours at Gatow under G.C.A. control, that 
is one every six minutes. The experience 
emphasised the necessity for two parallel 
runways, one for take-off and one for 
landing at the terminal airfields. A third 
runway is, in fact, required to allow for 
repair and maintenance of one of the 
runways at a time. 


very 


DISTRESS AND RECALL PROCEDURE 


An aircraft in difficulties which could not 
maintain its height and speed was an imme- 
diate danger to other aircraft in the corridors. 
The procedure in these circumstances was 
to turn out of the aircraft stream and return 
to base at the emergency altitude of 3,000 ft., 
which was kept clear of all normal traffic 
for this purpose. 

British aircraft maintained a W/T watch 
in flight with the Area Air Traffic Control 
Centre and could be diverted or recalled as 
required. To ensure that all aircraft acted 
on a general recall signal together, they were 
given a specific time at which to alter course 
for base or the diversion airfield. U.S.A.F. 
aircraft did not carry signallers and could 
not be diverted when outside R/T range. 


AIR TRAFFIC CONTROL 


The control of traffic in the Berlin area 
presented a complex problem, since all the 
aircraft converged on three airfields located 
within a circle of six miles’ radius. Any 
form of holding or stacking was dangerous, 
and unacceptable because of the delays 
imposed. A traffic system, therefore, was 
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developed in which the aircraft checked over 
the beacons at the Berlin end of the northern 
and southern corridors and let down on a 
timed approach pattern. The air speed, 
rate of descent, and the height over certain 
points in the pattern were laid down in the 
standard flight procedures. Where necessary, 
because of the proximity of two traffic 
streams, turning points in the pattern were 
marked by radio and radar beacons, as for 
example the point at which Gatow traffic 
turned from base leg to finals for landing 
in an east-west direction. G.C.A. was 
employed for approach and let-down in 
instrument flight conditions, but B.A.B.S. 
was also installed at both Gatow and Tegel 
for use by the British aircraft. Aircraft 
unable to land at their first attempt were not 
allowed to re-enter the approach pattern but 
were required to overfly the airfield and 
return to base, except in emergency. The 
problem for the outbound traffic from Berlin 
was obviously more straightforward, but 
here again aircraft had to conform to a rigid 
traffic pattern. 

In the control tower the control was 
exercised by a team of three watch-keeping 
officers, an approach controller, an airfield 
controller and a supervisor, the three officers 
exchanging duties every two hours to make 
up a six-hour watch. This system was 
general on all the R.A.F. airfields. It is of 
interest that a number of Royal Naval air 
traffic controllers were employed at Gatow. 

The routine for Gatow traffic was that the 
aircraft called approach control 20 miles 
short of Frohnau beacon and was instructed 
to adjust its height to 3,500 ft. over the 
beacon. It was then given a runway touch- 
down time and checked through the various 
points in the pattern to the point where it 
was handed over to the airfield controller, 
or in instrument flight conditions, to the 
G.C.A. final controller for its final approach. 

Early in 1949 an American Traffic Control 
Search Radar (C.P.S.5) was installed at 
Tempelhof and was jointly manned by 
R.A.F. and U.S.A.F. controllers in an 
organisation known as the “ Berlin Approach 
Control Centre.” The apparatus consisited 
of three pairs of P.P.I.s, each pair watching 
the traffic for one of the three airfields. An 
aircraft approaching Berlin by either the 
northern or southern corridors was picked 
up by the “airway controller” on the longer 
range P.P.I. at a distance up to 50 miles, 
identified by a procedure turn and given the 
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necessary adjustments of course and air 
speed to arrive over Frohnau beacon at the 
correct time interval from its neighbours. At 
the beacon the aircraft was handed over to 
the “ approach controller ” on the short range 
P.P.I., who monitored it through the 
approach pattern to a point where it was 
in turn handed over to the “airfield con- 
troller” in the tower, or the G.C.A. final 
controller, depending on the weather con- 
ditions. Each controller had a complete 
picture of the traffic movements into the 
three airfields. 


Although the traffic procedure was not 
materially altered by the use of the C.P.S.5, 
the additional safety factor allowed a 
minimum spacing interval to be used in 
instrument flight conditions. Moreover, 
traffic could be diverted with safety from one 
airfield to another. In the event of instru- 
ment failure the normal tower control 
procedure came into operation. Arrange- 
ments were in hand for the installation of a 
C.P.S.5 at the entrance to the northern and 
southern corridors when the air lift ended. 
I would like to add as a tribute to the traffic 
control organisation and the air crews, that 
in over a quarter of a million flights into 
Berlin in all weathers and at night, I know of 
no recorded case of a collision. 


One of the major difficulties experienced 
in the control of traffic was the inadequate 
number of R/T frequencies in the aircraft. 
The Berlin approach procedure necessitated 
12 separate frequencies. Some of the air- 
craft carried eight and the remainder four 
only. A compromise had to be adopted, 
therefore, in which a particular frequency 
might be used for two functions. The very 
heavy volume of traffic also called for strict 
R/T discipline and an abbreviated R/T 
procedure. 


TARMAC CONTROL 


Air traffic control at the terminal airfields 
in Berlin was continuously occupied in 
clearing aircraft for landing and take-off and 
issuing taxi-ing instructions to aircraft on the 
runways and perimeter tracks. This situation 
existed to a lesser degree at the base airfields, 
since the movement of aircraft on the airfield 
was not continuous. The control of the 


movement both of aircraft and motor 
transport in the loading areas could not be 
exercised, therefore, from the airfield control 
tower. 
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Accordingly, at Gatow the responsibility 
for the marshalling of aircraft and the con- 
trol of M.T. in the loading areas was dele- 
gated to “tarmac officers.” Immediately an 
aircraft turned off the runway, it was given 
brief taxi-ing instructions by Airfield Control 
and was then marshalled into position on the 
apron by a team of marshallers under the 
supervision of the tarmac officer. The 
marshallers were stationed at vantage points 
in the marshalling area, and the aircraft was 
passed progressively from one marshaller to 
the next until it reached its standing. Con- 
versely, aircraft leaving the apron received 
taxi clearance from Control and were 
marshalled off the apron by the marshalling 
team. At some of the base airfields, 
marshalling of aircraft was done by a “lead 
in” vehicle which met the aircraft at the 
entrance to the marshalling area and led it 
along the taxi-tracks to its allotted position 
on the apron, where a marshailer gave the 
pilot final movement signals. 


AIRFIELD LIGHTING 


The installation of centre line and horizon 
bar approach lighting was completed at 
Gatow and Wunstorf in October 1948. Subse- 
quent experience showed that it was a great 
improvement on any previous visual 
approach system. It was found, however, 
that some form of control was required to 
adjust the light intensity to suit visibility 
conditions, as pilots experienced difficulty in 
adapting their vision rapidly at night from 
the brilliancy of the sodium approach lights 
to the relatively dim runway lighting. 
Effective rheostat control of the sodium lights 
was not possible and the lights were dupli- 
cated with 100 watt filament lamp bulkhead 
fittings. These lamps could be adjusted to 
“bright,” “medium” or “dim.” Thus four 
stages of brilliance were available, the 
sodium for bad visibility and the three stages 
of filament lamp adjustment in rather better 
conditions. In clear weather the cross-bars 
were switched off, leaving the centre line of 
lamps pointing to the threshold of the run- 
way. So convincing was the result of the 
tests that the decision was taken to fit the 
lighting at all air lift stations in the British 
Zone. 

To improve the runway illumination, 
American high intensity lighting was 
installed. Its adoption and the use of the 
aircraft landing lights in the final stages of 
the approach did much to minimise the 
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difficulty previously experienced by pilots in 
their visual adaptation. 

The standard taxi-track lighting was 
found to be insufficiently powerful to mark 
the edge lines, especially when seen against 
the background of powerful lights illuminat- 
ing the hardstanding area, and on a misty or 
rainy night. I should add that it was 
important that aircraft should taxi at the 
highest speed, consistent with safety, to 
avoid congestion and to reduce turn-round 
time. The light shrouds were removed, 
therefore, and the lights were mounted on 
12-inch posts. As an additional aid, white 
lines were painted down the centre of taxi- 
tracks and “leads-in” to the hardstandings. 

As a general practice flood-lighting of the 
loading hardstanding was effected by mount- 
ing lights on 30 ft. poles around the perimeter 
and at appropriate points within it. The 
disadvantages lay in the great number of 
lights required for effective area illumination 
and the fact that each pole constituted a 
taxi-ing obstruction. As an experimental 
measure, two 60 ft. steel towers, each carry- 
ing a circular cluster of twelve Hollophane 
wide-beam 500 watt lamps, were erected in 
the hardstanding area at Celle. This method 
proved relatively effective and afforded the 
advantage that it reduced the risk of taxi-ing 
accidents. Tests with 1,000 watt lamps were 
about to begin when the air lift ended. 

Among the problems of airfield lighting 
which were not satisfactorily solved on the 
air lift and which, I suggest, merit further 
study, are area lighting and the harmonisa- 
tion of approach, runway, taxi-track and 
area lighting in intensive operations of this 
nature. 


EFFECT OF WEATHER ON 
OPERATIONS 


The weather during Operation “ Plain- 
fare” varied from normal, in that the very 
cold spell of about six weeks’ duration which 
normally occurs in the late winter, failed to 
materialise, so that the winter fogs which 
began in early November persisted into early 
March and were particularly frequent at 
Schleswigland, Fuhlsbuttel and Gatow. The 
moist north-west winds normally confined to 
the first half of the summer, extended from 
early July to mid-August in 1948 and from 
mid-June until early August ine 1949, 


frequently causing airfields to close down in 
the latter half of the nights. 


eX 
ic 
pe 

pe 

se 
WwW 
8¢ 

ce 

li 

ar 

to 

be 

fo 

tic 

sh 
lo 
si 
se 
Fi 
di 
di 
kt 
er 
ta 
ta 

Of 
at 
: di 
ex 
n 

ft. 

av 
he 
th 
flu 

be 

flu 
la 

in 

sti 

fli 

sti 

se 

as 
ici 
ay 

|_| 


THE BERLIN AIR. LIFT 


Little interference with operations was 
experienced during the winter from snow and 
ice on the runways and the measures pre- 
pared for dealing with these problems were 
not seriously tested. The prolonged fog 
periods, on the other hand, interfered 
seriously with the operation, although flying 
was continued down to weather minima of 
800 yards horizontal visibility and cloud 
ceiling 200 ft., with the help of radar and 
lighting approach aids. In the absence of 
an adequate landing aid, however, flying had 
to be discontinued when conditions fell 
below these limits. 

Cross-winds also caused a loss of sorties 
for the British aircraft with their conven- 
tional tail-wheel landing gear. Experience 
showed that they could not land with a full 
load with an assurance of safety in cross- 
winds exceeding about 12/15 knots broad- 
side across the runway. This limitation was 
severe as the runways at Gatow, Tegel, 
Fuhlsbuttel and Lubeck are sited in one 
direction only. On the other hand, the C.54s 
with their tricycle undercarriages had little 
difficulty in operating in winds up to 30 
knots across the runway. 

One of the important lessons which 
emerged from the air lift was the big advan- 
tage of the tricycle undercarriage over the 
tail-wheel type, not only for cross-wind 
operation but also in increased manceuvr- 
ability on the ground and for added 
directional control on take-off and landing. 


Icing in flight caused little interference, 
except to certain of the Haltons which were 
not fitted with de-icing equipment, and it 
was necessary to re-route them below 3,000 
ft. Since icing conditions could not be 
avoided by an alteration in course and 
height, it was sometimes necessary to use 
the de-icing equipment at the maximum rate 
throughout the flight and to replenish the 
fluid in Berlin before the return flight, 
because of the inadequate capacity of the 
fluid containers in the aircraft. 


Thunderstorms were encountered on a 
large number of occasions and numerous 
instances were recorded of aircraft being 
struck by lightning, sometimes twice on one 
flight, but negligible damage to the aircraft 
structure or instruments resulted. A more 
serious problem was the extreme turbulence 
associated with the thunderstorms. As in 
icing conditions, cumulus cloud could not be 
avoided by an alteration of course and 
height, nor could speed be adjusted over any 


appreciable range. The only course open to 
the pilot was to continue with his flight plan 
or to adopt the safety procedure and return 
to base. 

A close and continuous watch was main- 
tained on the weather in the Group Opera- 
tions Control by means of actual reports 
telephoned every hour from the bases and 
the Berlin airfield, and by an organised 
system of reports from aircraft captains. 
Moreover, a _ meteorological forecasting 
section was located alongside the control 
room to provide periodic forecasts and con- 
tinuous consultation. By this means the 
controllers could maintain the traffic flow up 
to the safety limit with confidence in 
marginal weather conditions and resume it 
with minimum delay after interruption. 


INFLUENCE OF AIRCRAFT PAY- 
LOADS ON ECONOMY OF 
OPERATION 


One of the more striking object lessons of 
the air lift was the advantage in economy of 
operation of the heavy load carriers. The 
C.54 or the Hastings presented no greater 
problem than did the Dakota in operating 
along the corridors into Berlin or in loading 
and unloading. Yet the load delivered by 
the Dakotas was approximately one-third 
that of the others. This dispropertion in the 
load carried is not reflected in the “over- 
heads” in air crew and servicing personnel 
as the following figures for a task of deliver- 
ing 4,500 tons a day to Berlin for 30 days 
show :— 


No. of chek Air- Maintenance Fuel used 

trips craft personnel (gallons) 
C.54 13,800 465 178 4,674 8,577,600 
Dakota 39,706 1,765 899 10,588 14,294,000 


These figures, which were supplied by the 
U.S.A.F. on experience gained in the Frank- 
furt corridor are based on the assumption 
that the payload of the Dakota and C.54 
is respectively 3.4 and 9.7 tons per trip; and 
the maximum flying hours a crew are 90 a 
month. 

At the peak period of the operation, the 
R.A.F. and civil charter companies were 
flying one-third of the total sorties daily, 
although the tonnage they lifted was only 
one-quarter of the combined total. The 
discrepancy was due almost entirely to the 
lighter load capacity of the British aircraft, 
particularly the Dakota, compared with the 
10-ton load of the C.54. ‘It emphasises 
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sharply the necessity for the employment on 
an operation of this nature of the heaviest 
possible load carriers consistent with 
operational factors, such as the strength of 
the runways. 


CONCLUSION 


Some months before the termination of the 
full-scale operations on 31st July 1949, the 
air lift had settled down to a steady routine 
which could have been continued indefinitely 
with the existing organisation and resources. 
Within certain predictable limits, the daily 
tonnage could have been increased by 
refinements in the organisation and by the 
additional resources which had been planned. 

A significant improvement in the perform- 
ance of the air lift followed the progressive 
standardisation of techniques and procedures 
in the combined British/American force. 
Conversely, the diversity in the types and 
equipment of the British aircraft, inevitable 
in the circumstances, intensified a number 
of the problems. 

Except for November and December, 
when fog and gales stopped flying, the ton- 
nage mounted steadily month by month until 
by May 1949 the daily average was over 
8,000 tons. The aircraft actively engaged at 
that date totalled about 95 R.A.F., 45 civil 
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and 200 U.S.A.F. By the end of July 
2,231,600 tons of supplies had been delivered 
to Berlin by the Combined Air Lift Task 
Force, a high proportion of which had been 
carried by the Americans. This total 
represents an average of 5,579 tons a day 
throughout the operation. The British con- 
tribution was just over half a million tons, 
of which the R.A.F. had lifted about 70 per 
cent. and the civil companies 30 per cent. 

Some of the factors which contributed to 
the success of the operation, and the lessons 
which emerged from our experiences, I have 
endeavoured to describe. To my regret, in 
the time available, I have not been able to 
make more than a passing reference to the 
splendid support from the ground staffs, 
technical and administrative, without which 
the fine skill and determination of the air 
crews might have been rendered ineffective. 

The Berlin Air Lift was an integrated 
British-American effort in the fullest sense, 
involving as it did not only their fighting 
services but a number of civil departments 
and agencies. It demonstrated their will and 
ability to combine in a great strategic, and 
I should add humanitarian, undertaking in 
peace no less than in war. That it was 
successful is due in large measure to the 
enthusiasm, loyal co-operation and comrade- 
ship of all those who had a share in it. 


DISCUSSION 


Air Chief Marshal Sir Ralph Cochrane 
(Associate Fellow): He endorsed what Air 
Commodore Merer had said about the valu- 
able contribution of the civil air operators. 
Even the smailest charter companies, anyone 
who could produce an aeroplane and the 
pilots to fly it, was contributing to the general 
air power of the country and that was clearly 
demonstrated in the Berlin Air Lift. 

Having been involved recently in one of 
those circular systems which seemed to 
spring up around major airports, he was 
particularly interested to hear Air Com- 
modore Merer say that they had refused to 
have anything to do with “ stacking ” and he 
heartily supported his view on that subject. 
He thought there were three main reasons 
why on the Air Lift they managed a very 
high rate of landing in all weather conditions 
without resort to that time-wasting practice. 

First, the entire operation was under 
unified control and one man could plan the 
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flying and see that the aeroplanes were spaced 
at whatever was the agreed interval. 

Second, the crews had availabie, certainly 
the British crews had, an effective navigation 
system. He was delighted that Air Com- 
modore Merer had mentioned the distance 
measuring equipment which they had had in 
the Air Force for a number of years and 
which provided the crews with the means of 
securing even spacing in the traffic stream. 

The third reason was that all the pilots 
were under a common discipline and were 
engaged in a common task in which they 
took a corporate pride. The aircraft could 
therefore be relied upon to be where they 
were supposed to be and they were thus able 
to achieve a high rate of landing. It was to 
be hoped that the experience gained might 
be of value in the solution to the problem at 
civil airports. 


Brigadier Dawson (War Office—Com- 
mander of Army Air Transport Organisation 
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during the Berlin Air Lift): Although they 
in the Army were not responsible for the 
procurement of the supplies to be taken to 
Berlin—that rested with the Control Com- 
mission for Germany—they were responsible 
for seeing that they were on the airfield in the 
right quantities at the right time. One of 
their most important duties was to ensure 
that no aircraft was ever kept waiting without 
a load. In the forms which were used there 
was a space headed “ Time at which aircraft 
took off” and there was a blank space in 
which a cross could be put under the heading 
“ Aircraft delayed through Army Loading ”; 
he was glad to say that that space was never 
filled in throughout the operation, or possibly 
only once. 

Standard packing had been one of their 
great worries. When they began they had to 
take the supplies in whatever packing was 
readily available. They had many different 
weights and sizes for the same commodity, 
and when they got de-hydrated potatoes— 
they had had to go all over the world for 
them—they had as many as fifteen different 
weights and packages. Towards the end of 
the operation nearly all the commodities were 
in standard packages. With coal they had 
no trouble because no one had ever thought 
of sending that by air before so they started 
from the beginning. 

They had had to ensure that they got the 
quickest turn-round possible for the aircraft. 
They received hundreds of letters of advice, 
suggestions and so on, all well intended he 
was sure, for the best and quickest way of 
loading an aeroplane. They tried every one, 
but in the end came to the simple procedure 
of putting their loads on a ten-ton lorry and 
taking it to the aeroplane. That was the 
most effective way in the circumstances of the 
Air Lift. One day perhaps the aeroplane 
would come to rest at the exact spot where 
it was wanted, but until then the load had 
to be taken to the aircraft. 

To those who had to design transport 
aircraft he would suggest that they started 
with the door and then built the aircraft 
round it. That would help very much, and 
in considering the aircraft as a whole perhaps 
they would stop worrying about such things 
as “centre of gravity” and ensure that the 
aircraft were impervious to the somewhat 
elephantine approaches of Army ten-ton 
lorries! 

E. Whitfield (B.E.A., Head of the Civil Air 
Lift Division): Air Commodore Merer had 


AIR LIFT 


covered almost everything that had been 
done on the civil side of the Air Lift, but he 
would like to draw attention to the Avro 
Tudors. The average utilisation of the civil 
aircraft on the operation was 1,800 hours a 
year. The Tudors produced an average of 
2,000 hours a year and flew 9,524 hours, 
carrying over 30,000 tons into Berlin. They 
had done it very successfully without a major 
accident of any kind, and he felt that as these 
aircraft had been much maligned in the past 
their achievement on that very gruelling 
operation, for which they were not designed, 
should be known. 

He would like to pay a tribute to the help 
and support that the civil operators had 
received from the Royal Air Force and the 
Army in general. They had made very many 
calls on them for assistance and not once had 
a call gone unanswered. In fact, the team 
work that ruled throughout the operation was 
the keynote of its success. 


Miss A. M. Kennedy (Companion): Were 
all aircraft equipped to carry such large 
loads of liquid fuel? It must have been 
carried on a scale unheard of before the 
Berlin Air Lift. 


Air Commodore Merer: All aircraft 
engaged in carrying liquid fuel were specially 
fitted for the purpose with internal tanks 
which would take up to the full load the 
aircraft could carry. 


Geoffrey Dorman (Associate): When he 
was at Gatow in November 1949 he was told 
of a Globemaster which made two or three 
landings at Gatow and was then told not to 
come again. Was an aircraft of that load- 
carrying capacity really punishing the runway 
so badly that it could not have been used for 
any length of time? 


Air Commedore Merer: Runway wear was 
one of their serious worries. Even with the 
concrete runways they found that the surface 
started to crack after a time as the result of 
the continuous pounding from the aircraft 
landing and taking off. That was why he 
had stressed that at Gatow three runways 
were required, one for landing, one for take- 
off and the third undergoing maintenance. 
At Tegel, which was built very rapidly and 
with the material available in Berlin, the 
construction was of brick rubble surfaced 
with bitumen and rolled hard. After a few 
months the surface of the down-wind end of 
the runway started to “ wrinkle” badly and 
a number of minor accidents to the Haltons 
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on landing were due to this cause. A second 
runway was under construction, and it was 
rather a race against time since major repairs 
on the original could not be undertaken until 
the second was ready for use. The American 
construction engineers with their usual 
energy and hustle won the race and finished 
the second runway before the first showed 
signs of breaking up. 

The point was that the constant hammer- 
ing of the runways produced a fairly rapid 
deterioration. The Globemaster operated 
into Gatow for a few experimental flights, 
but it was doubtful whether the runways were 
strong enough for it to operate continuously. 


It should be emphasised that runway 
strength was one of the big limiting factors 
in that type of operation. 


F. L. Sawyer (Ministry of Civil Aviation): 
One of the possible ways of reducing delays 
around airports might involve the more 
extended use of ground radar. He was 
interested in the references to the use of 
C.P.S.5 at Tempelhof; could Air Commodore 
Merer give any actual figures which showed 
any increase in landing rate made possible 
by the use of that equipment, or was its 
effect that of providing greater safety at the 
same rate? 


Air Commodore Merer: He had not the 
actual figures, but for R.A.F. aircraft which 
carried D.M.E. the landing rate was not 
greatly influenced by the introduction of the 
C.P.S.5. In their case the maximum landing 
rate was governed primarily by the number 
of runways available. Using one runway 
only at Gatow it was physically impossible 
to reduce the landing interval below three 
minutes, because the aircraft taking off also 
had to use the same runway. With two run- 
ways, the landing interval could be reduced 
to two minutes in visual flight conditions. 
The D.M.E. enabled the R.A.F. aircraft to 
maintain consistent intervals in flight and so 
achieve a consistent landing rate down to the 
physical limit stated. The Americans on the 
other hand, without D.M.E., had a much 
more difficult task in making allowance for 
changes in wind velocity, particularly in 
marginal or instrument flight conditions. In 
the worst case on the long flight up the 
Frankfurt corridor an aircraft had on odd 
occasions drifted outside the corridor due to 
strong, unpredicted cross-winds. To that 
extent they derived greater benefit from the 
C.P.S.5 than did the British. 
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DISCUSSION 


The C.P.S.5 was undoubtedly of great 
value, however, in adjusting the intervals for 
all aircraft and smoothing out the flow. It 
also gave greater flexibility in the handling 
of the traffic, since aircraft could with con- 
fidence and safety be diverted from one air- 
field to another in the Berlin area in an 
emergency. Finally, it was a very positive 
insurance against collision through unfore- 
seen circumstance. 


J. A. C. Manson (Fairey Aviation Co. Ltd., 
Fellow): The Ministry of Supply had offered 
the help of the Aircraft Industry for the base 
servicing of the aircraft which were brought 
back at regular intervals for overhaul in the 
United Kingdom and very early in the oper- 
ation it had been accepted by the R.AF. 
Four firms were used in the servicing of 
Dakotas and three in the servicing of Yorks, 
and the mean turn-round time was between 
three and five days according to the stage of 
base inspection that was required. 

To what extent had the necessity of bring- 
ing the aircraft back to the United Kingdom 
from Germany affected the operation and 
how much use was made of those returns in 
the relief of the crews engaged in the oper- 
ation? 

Also, what did the Americans do? Did 
they do their servicing in Germany? 


Air Commodore Merer: It would have 
been most uneconomical to have transferred 
the large and complete base servicing organi- 
sation to Germany, more especially since the 
flight time between the United Kingdom and 
Germany was comparatively short. For that 
reason the decision was taken at the begin- 
ning of the operation to return the aircraft 
to their home stations in the United Kingdom 
for periodic inspections. Almost invariably 
the aircraft were fully loaded on their flights 
to and from the United Kingdom with air 
and ground crews, or with spares and equip- 
ment, and in that respect also the decision 
was justified. 

It was obviously essential that an aircraft 
should not be withdrawn from the operation 
for an hour longer than was necessary for 
inspection, more especially in the critical 
period in November and December when the 
number of aircraft available was barely ade- 
quate to lift the tonnage required. The 
servicing undertaken by the civil contractors, 
to which Mr. Manson had referred, was both 
effective and prompt in turning round the 
aircraft. There were perhaps occasions when 
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week-ends and bank holidays interrupted the 
flow of the aircraft back to Germany at a 
time when every single one was badly 
needed, but in general the scheme had 
worked well and the civil contractors had 
made a valuable contribution. 


The Americans flew their C.54s back to 
their base at Burtonwood in England for 
their 200-hour inspections. For their 1,000- 
hour inspections they were flown back to the 
civil contractors in the United States. All 
other maintenance was done in Germany. 
Here again there was a close similarity in the 
British and American organisations. 


Wing Commander Gibson (Airborne 
Forces Experimental Establishment): Had 
any consideration been given to gliders? 


Air Commodore Merer: The possibility of 
using gliders had been closely studied, but it 
had been proved conclusively that they would 
have been considerably less economical than 
powerful airctaft in the circumstances of the 
operation. Moreover, their employment was, 
he understood, contrary to the terms of the 
Quadrapartite Agreement, although he had 
not had the opportunity to study the Agree- 
ment in detail. 


Sir Roy Dobson (A. V. Roe & Co. Ltd., 
Fellow) contributed: It would appear that 
Great Britain was lacking in air transport 
facilities to cope with any serious large-scale 


emergency which might arise, and to-day 
they were probably worse off in that direction 
than at the time of the Air Lift, on account 
of the severe treatment meted out to Trans- 
port Command, which even at the time was 
obviously inadequate to cope with the situ- 
ation, hence the bringing in of every suitable 
civil aircraft which could be made available. 

It seems to him that in view of what had 
been said in the lecture, and present-day 
circumstances, it was impossible to escape the 
conclusion that for a wartime operation the 
present constitution of Transport Command 
would prove entirely inadequate. 

The Air Lift bore no real relationship to 
wartime operation because distances were so 
short and therefore only small fuel loads had 
to be carried, and the weight of freight could 
be increased and so every aircraft was flying 
at very nearly its maximum payload and 
minimum fuel. In addition, the payload was 
mainly such that it could be conveniently 
stowed, whereas in wartime awkward loads 
would have to be carried and that would add 
considerable difficulty and reduce the effective 
use of both the cubic capacity and weight- 
lifting qualities of the aircraft. 

The lecture indicated the excellent way in 
which a host of practical obstacles were 
overcome, but it was obvious that Transport 
Command, as a unit of the R.A.F., needed 
considerable strengthening if it were to fulfil 
its proper function in time of war. 


at ig 
or 
1g 
in 
e 

1€ 

of 

| 
n 
of 
m 
id 
in 
id 

Je 
: 
| 
at 
ft 
ly 
if 

ft 
or 
al 
mn 
533 


THE DRAG EFFECTS OF ROUGHNESS 
AT HIGH SUB-CRITICAL SPEEDS* 


by 


A. D. YOUNG, M.A... 


SUMMARY 


Measurements were made in the Royal 
Aircraft Establishment High Speed Tunnel of 
the drag of a wing with various grades of 
surface roughness in the form of camouflage 
paint. The measurements were made for a 
range of Reynolds number from about 
4.5 x 10° to about 15 x 10° at a constant Mach 
number of 0.2, and for a range of Mach 
numbers from 0.2 to about 0.7 at a constant 
Reynolds number of 4.5 x 10° and to about 
0.6 at a constant Reynolds number of 
6.0x 10°. It was found that for the range 
of Mach numbers tested compressibility had 
no appreciable effect on the drag increase due 
to roughness (Figs. 2 and 3). Further, the 
drag effect of each roughness tested was such 
that an equivalent size of sand roughness K., 
of the type tested by Nikuradse, could be 
readily associated with it. For each finish 
tested a number of roughness records were 
taken by means of a roughness gauge 
developed by Dr. Tomlinson, of the National 
Physical Laboratory (Fig. 5). 

An analysis of these records showed that 
the equivalent sand roughness height was 
about 1.6 times the arithmetic mean rough- 
ness height K, and in general was much the 
same as the height of the largest roughnesses 
that could be said to occur with fair 
frequency. Estimates were then made of the 
effects of the various finishes tested on the 
drag of wings and bodies for ranges of wing 
chord or body lengths, forward speeds and 


*This paper was ‘read at the International Congress 
of Applied Mechanics in Paris, 1946, and the 
author is indebted to the Ministry of Supply for 
permission to publish it. The diagrams and 
photographs are Crown Copyright. 

Mr. Young is now Professor of Aerodynamics at 
the College of Aeronautics. 
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heighis (Fig. 6), and the results have been 
applied to assess the effects on the top speed 
performance of representative fighters and 
bombers. They indicate, for example, that 
a finish having an equivalent sand roughness 
of about 0.0004 in. should have no serious 
effect on the top speed of a small fighter 
capable of about 550 m.p.h. at 40,000 ft. 


1 INTRODUCTION 


The work described in this paper was done 
primarily to solve the specific problem of the 
effect of camouflage paint on profile drag, a 
problem which was of some importance dur- 
ing the 1939-45 War but which is now of less 
significance. Nevertheless, both the problem 
and the results obtained present several 
features of fundamental and permanent 
interest, and the main object of this paper is 
to draw attention to these features. 

In 1933 Nikuradse") published the results 
of his classic experiments on the drag of 
sand roughened pipes. His results remain 
(up to 1946) the only experimental data on 
the effect of roughness on drag that are both 
systematic and comprehensive enough to 
permit of generalisation. The generalisation 
was made by Prandtl and Schlichting‘), who 
produced their well-known charts for the 
drag of sand roughened plates with fully tur- 
bulent boundary layers. Their results are 
reproduced in a more convenient form in 
Fig. 1, where the ratio of the drag increase 
due to roughness to the drag of the smooth 
plate (A D/D) is plotted against the Reynolds 
number of the plate for various values of the 
ratio of the roughness height to the plate 
length (K./1)*. 


*This is substantially the same diagram as that of 
the Royal Aeronautical Society Data Sheet, Wings 
02.04.08. 
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It is assumed that although these curves 
apply strictly to the frictional drag of rough- 
ened flat plates they will apply to the profile 
drag of similarly roughened wings and 
bodies, if for the plate length (/) we read wing 
chord or body length. This assumption is 
based on the following argument. The 
profile drag of a wing or body can be 
regarded as the sum of the skin friction drag 
and the form drag. The latter, however, is 
afunction of the former, since it derives from 
the presence of the boundary layer and its 
effect on the pressure distribution. It is 
known that for a good streamlined shape the 
ratio of the form drag to skin friction drag 
is small and varies only slightly with the skin 
friction drag when the latter is altered by 
altering the transition point position®:*). It 
seems reasonable for our purpose to assume 
that this ratio is constant for a given stream- 
line shape and independent of all factors 
which may alter the skin friction drag, 


including surface roughness. It may also be 
assumed that the fractional increase of the 
skin friction drag due to roughness is the 
same as that for a flat plate. It follows that 
the fractional increase in profile drag will 
also be the same. 


Before an attempt can be made to apply 
Nikuradse’s results to the determination of 
the effect on the drag of an aircraft of a 
roughness different from sand roughness, 
such as camouflage paint, two important 
queries must be answered :— 


(a) What is the sand roughness height 
equivalent to the roughness under con- 
sideration? 

(b) How does this equivalent sand roughness. 
height vary with Reynolds number? 

The work described in this paper was con- 
cerned with answering these queries for 
camouflage paint roughness. It must be 
emphasised that only the drag increase due to 
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the increase of the frictional drag in the tur- 
bulent boundary layer was investigated, the 
separate problem of the drag effect due to 
transition point movement caused by the 
roughness was not considered. 

The tests were made in the High Speed 
Tunnel of the Royal Aircraft Establishment 
in 1944, 


2. DESCRIPTION OF TESTS 


The tests were made on a metal covered 
wing of NACA 0012 section at zero inci- 
dence. Wires to provoke transition were 
fixed at 0.1c behind the leading edge on both 
surfaces. Drag measurements were made by 
the well-known pitot traverse method devel- 
oped by Prof. Sir B. M. Jones, but modified 
to allow for compressibility effects’®:*). In 
addition to measurements of the drag of the 
unpainted wing, measurements were made of 
the drag of the wing covered with five 
different paint finishes of varying roughness, 
applied from the wires to the trailing edge. 


These were classified as follows— 


Paint No. Remarks 


1. This represented the smoothest matt finish 
attainable with standard day camouflage 
paint, carefully prepared and applied. 


2. This represented standard day camouflage 
paint, applied with average care and skill. 


3. This represented day camouflage paint, care- 
lessly applied. 

4. This represented special night paint, applied 
with moderate care. 

5. This was not a standard paint, but was 
specially prepared to give a very rough finish, 
with a roughness height of the order of 
0.01 in. 

In each case the drag was measured over a 
range of Reynolds numbers from about 
4.5 x 10° to about 15 x 10° at a constant Mach 
number of 0.2, and over a range of Mach 
numbers from 0.2 to about 0.7 at a constant 
Reynolds number of 4.5 x 10°, and from 0.2 
to about 0.6 at a constant Reynolds number 
of 6.0x 10°. The object was to separate 
scale effects from the effects of compressibility 
for Mach numbers less than the critical. 
Preliminary tests were first made to check 
that the wires caused transition for all the 
cases to be covered, and it was found that due 
to scratchings and pittings that had 
developed over the leading edge of the wing 
during the initial tests, transition was occur- 
ing ahead of the wires and practically at the 
leading edge in every case. 

For each finish tested a number of rough- 

ness records were taken by means of a 
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roughness gauge developed by Dr. Tomlinson, 
of the National Physical Laboratory. With 
this gauge the excrescences are explored by 
means of a fine probe, whose movements are 
magnified by means of a system of levers and 
eventually transferred to a stylo scratching 
lightly over the surface of a smoked glass 
plate. The record obtained can then be 
enlarged optically. The total traverse of this 
gauge is 7 in. and takes about 10 minutes 
to make. The gauge is therefore particularly 
suitable for this kind of work, as a few 
sample records are usually sufficient to give 
a representative picture of a roughened 
surface. 


3. DISCUSSION 


Figures 2 and 3 show the drag coefficients 
measured at constant Reynolds numbers of 
4.5x 10° and 6.0x 10°, respectively, plotted 
as functions of the Mach number. It will be 
noted that in each case the curves for the 
different finishes tested are substantially 
parallel lines. This leads to the interesting 
conclusion that for Mach numbers less than 
the critical, compressibility has no effect on 
the drag increase due to roughness. The 
effect of roughness on the critical and the 
shock stalling Mach numbers is a separate 
problem which was not investigated in these 
tests. 

Figure 4 shows the drag coefficients 
measured at a constant Mach number of 0.2 
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plotted as functions of the Reynolds num- 
bers. Paint No. 1 finish is aerodynamically 
smooth at least up to a Reynolds number of 
about 12 x 10°, while Paint No. 2 finish is 
aerodynamically smooth up to a Reynolds 
number of about 8x 10°. The interesting 
features of the other curves are the more 
rapid rise of the drag coefficient with the 
Paint No. 3 finish at the higher Reynolds 
numbers, and the contrastingly slow increases 
of drag coefficient with the Paint Nos. 4 and 
5 finishes. It is clear that at about 12 x 10° 
the flow over the Paint No. 4 finish is 
effectively fully developed roughness flow, 
the same is true of the Paint No. 5 finish over 
the whole Reynolds number range tested. 
These results are qualitatively much what 
would be expected in the light of Nikuradse’s 
experiments. It remained to be seen, there- 
fore, whether there was a basis on which 
quantative agreement could be found. For 
each finish, the equivalent sand roughness 
height K. was estimated at Reynolds num- 
bers of 5x 10°, 10x 10° and 15x 10° from 
the corresponding increases in drag coeffi- 
cient over that of the unpainted wing. The 
process was as follows. The increase was 
first multiplied by che factor 10/9, on the 
assumption that it would then correspond to 
the increase in the drag coefficient if the 
boundary layer had been turbulent from the 
leading edge and the paint had been applied 
to the whole wing instead of the rear nine- 
tenths of the wing*. This augmented incre- 
ment was then divided by the theoretical 
drag coefficient of the smooth wing with 
transition at the leading edge to give the 
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ratio which, in effect, is AD/D in Fig. 1. 
From the value of this ratio and the chosen 
Reynolds number the corresponding value of 
1/K. was then obtained from Fig. 1, and 
hence the equivalent sand roughness height 
K. was obtained. It was gratifying to find 
that for the range of Reynolds numbers 
tested the variation of K. for each roughness 
with Reynolds number was small enough to 
be neglected. Table I includes a summary 
of the mean values of K. obtained for the 
roughnesses tested. 

It may be noted that the accuracy of the 
value of K. for Paint No. 1 depends on the 
accuracy of the measurements of the small 
differences in drag between the surface with 
Paint No. | and the unpainted wing at the 


*In assessing the probable increase in the drag 
coefficient due to painting the first ten per cent. 
of the wing, two opposing factors had to be taken 
into account. The boundary layer being thinner 
near the leading edge, the rate of drag increase 
with surface painted might be expected to be 
greatest there. On the other hand the velocity 
over an appreciable part of the first ten per cent. 
of the surface is low, and this might be expected 
to reduce the rate of drag increase. It was decided 
therefore that no serious errors were likely to be 
involved in assuming that the rate of drag increase 
with surface painted for the first ten per cent. of 
the wing surface was the same as the average rate 
for the remaining ninety per cent. 
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Specimen records of paint roughness made with Tomlinson Gauge No. 2 


higher Reynolds numbers, and these differ- height (K) was obtained by measuring the 
ences were almost within the order of normal height from trough to crest for each 
accuracy of the measurements. Its probable excrescence of its records and averaging the 
error treated as a fraction of its true value measurements. It is realised that this mean 
therefore, is greater than that for the other roughness height does not give full informa- 
paints examined. tion about a particular surfacc, but it is a 

Figure 5 shows some samples of the rough- _ useful parameter for classifying roughnesses 
ness records taken of the various finishes. that are physically similar, as are canfouflage 
For each of the finishes a mean roughness paint roughnesses. Table I summarises the 
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values of K obtained and in the last column 
are shown the corresponding values of 


K./K. 


TABLE I 
Paint K Ke K./K 
No. (in.) (in.) 
1 0.00012 0.00025 2.08 
ps 0.00032 0.00042 1.31 
3 0.00080 0.0012 1.50 
4 0.0023 0.0045 1.96 
5 0.0073 0.0131 1.79 


Disregarding the value of this ratio for 
Paint No. 1 because of the relatively poor 
accuracy of the value assessed for K., it is 
noted that for the remaining surfaces tested 


K./K is roughly about 1.6. It is by no means 
surprising that the mean roughness height is 
considerably smaller than the equivalent 
sand roughness height. Experiments of 
Schlichting?) have shown that there is an 
optimum spacing of excrescences of a given 
height for maximum drag effect, and this 
spacing is considerably more open than that 
corresponding to the closest packing possible. 
For closer spacing than the optimum the 
shielding effect of the excrescences on each 
other becomes important, suppose then, that 
between large excrescences at this optimum 
spacing a number of much smaller excres- 
cences are packed. The net effect on the drag 
would be slight but the mean roughness 
height may be considerably reduced. This 
suggests therefore that the effective roughness 
height of a surface would be heavily weighted 
in favour of the larger excrescences present 
on it. If the roughness records of Fig. 5 are 
examined it is seen that in every case rough- 
nesses of the order of the equivalent sand 
roughness height occur with fair frequency*. 
In fact, if an attempt is made to estimate the 
average roughness by eye from a record, a 
figure is arrived at much nearer the equiva- 
lent sand roughness height than is the 
calculated mean roughness value. This is 
because the eye is dominated by the records 
of the larger roughnesses that occur with 
reasonable frequency and takes little note of 
the very small excrescences that effectively 
reduce the value of the arithmetic mean 
roughness height. 

Three processes suggest themselves, there- 
fore, for deriving the equivalent sand rough- 
ness height from a set of records obtained by 
*This was even more clearly demonstrated by fre- 

quency histograms of the roughnesses, which have 
not been reproduced in this paper. 


a roughness gauge of the Tomlinson type on 

a camouflage painted surface :— 

(1) Treat the record shown in Fig. 5 as a 
scale against which to compare the 
records under consideration. It should 
then be possible to estimate the equiva- 
lent roughness height with reasonable 
accuracy. 

(2) Determine the arithmetic mean roughness 
height (K) and multiply by the factor 1.6. 

(3) Accept the height of the largest rough- 
nesses that can be said to occur with fair 
frequency as the equivalent sand rough- 
ness height. 

Of these processes the first is the most 
reliable; the other two are liable to an error 
of the order of +25 per cent. 


4. APPLICATION 


Having established the equivalent sand 
roughness heights, the curves of Fig. 1 can 
now be used to predict the effect of the 
various finishes tested on the drag of wings 
and bodies, for a range of wing chord or 
body lengths (/), forward speeds and heights. 
The results of such calculations are shown in 
Fig. 6 for values of / ranging from 5 ft. to 
100 ft., forward speeds up to 600 m.p.h. 
(true) and heights of 0, 20,000 ft. and 
40,000 ft.* 

By way of illustration, these curves have 
been used to estimate the effect of the paints 
on the top speeds of aeroplanes of representa- 
tive dimensions, namely, a single-seater air- 
craft of about 40 ft span, capable when 
aerodynamically smooth of either 450 m.p.h. 
at 20,000 ft. or 550 m.p.h. at 40,000 ft., and 
a four-engined aircraft of about 100 ft. span 
capable of 350 m.p.h. at 20,000 ft., or 450 
m.p.h. at 40,000 ft. The results are sum- 
marised in Table II. 


TABLE II 


i T 
Petit Reduction in top speed 
Ht. (m.p.h.) due to Paint 


state) 


Déscription | (smooth 
| 


Single-seater | 20,000} 450/00 |11 | 50 | 79 
(span 40 ft.) | 40,000 | 550 | 0 | 0) 44 | 44) 
4-engined | 20,000/ 350/01 0| 44 28 | 49 
aircraft 40,000! 450/0/0) 14 | 26 50 


*It will be clear from the derivation of these curves 
that to apply them the basic (smooth surface) drag 
must not include any drag due to shock wave 
energy losses or flow break away. 


539 


14 
if! 
H 
} 
4 
| 
| 
| 
| 
4 
| 
| 
| #18 


HEIGHT OFT 


49 paint NOS 


ad 
D 


fo) 
o 
T 


— 
PAINT N°-4 


DRAG WITH SMOOTH SURFACE 
T 


RAG INCREASE DUE TO ROUGHNESS 


° 
> 
T 


€= WING CHORD OR 
BODY LENGTH 


NO 4 


200 400 500 
TRUE SPEED (MPH) 


DAY CAMOUFLAGE PAINT, VERY CAREFULLY PREPARED 
AND APPLIED 

DAY CAMOUFLAGE PAINT, APPLIED WITH MODERATETE CARE 
DAY CAMOUFLAGE PAINT, POORLY APPLIED 

SPECIAL NIGHT PAINT APPLIED WITH AVERAGE CARE 
ROUGHEST PAINT AVAILABLE 


Fig. 6. 


PAINT N° 4 


PAINT N° 2 
PAINT NO 3 
PAINT N° 4 
PAINT NOS 


These estimates are based on the simple 
assumption that the power is constant, 
changes in boost and rated altitude being 
neglected. Further, allowance has been made 
for proportionate increases in interference 
drag accompanying the increases of frictional 
drag. 


It is interesting to note that neither Paint 
No. 1 nor No. 2 cause any drag increase in 
the examples considered. This leads to the 
conclusion that if the surface finish is equi- 
valent to that obtained with standard day 
camouflage applied with care no serious 
adverse effects on performance and speed 
need be expected, even for aircraft flying at 
relatively high speeds. It will be noted that 
the permissible tolerance on the finish 
becomes smaller the lower the altitude at 
which the aircraft operates. 
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SITING OF LANDING STRIPS FOR 
INTERNATIONAL AIRCRAFT 
MOVEMENTS IN GREAT BRITAIN 


by 


WILLIAM COURTENAY, O.B.E., M.M., A.R.Ae.S. 


A® travel at 600 m.p.h. to 650 m.p.h. in 
the next decade and the use of multi-seat 
twin rotor helicopters on internal air routes 
to help to solve terminal delay problems, 
bring in their train growing problems of Air 
Traffic Control. Full use of high speed civil 
transports and helicopters does not seem 
practicable within the British Isles unless the 
problem of the siting of landing strips is 
reviewed and unless ideas on this subject are 
recast in the light of growing experience. 

To the commercial airline pilot Great 
Britain is indeed a “tight little island.” It 
will appear smaller yet when the de 
Havilland Comet jet air liner operates to 
time-tables of approximately double the 
speed of most of the existing schedules of 
today. It will shrink still farther when the 
next phase of jet powered air liners, which 
may be designed by 1953 and in full use by 
1960, provide time-table speeds of 600 to 
650 m.p.h. 

Air liners of today, flying at 300 m.p.h. 
cross England at its greatest width in little 
more than 30 minutes and the normal time 
for direct flights from Prestwick Airport, 
Scotland to London Airport, is only some 90 
minutes. 

In conditions of poor visibility when air 
liners have to be guided in to London 
Airport or Northolt Airport by Instrument 
Approach, they sometimes have to wait and 
be “stacked up” in a wide area round the 
Metropolis at varying heights, with 1,000 ft. 
vertical intervals between aircraft, each await- 
ing a landing turn. This creates grave and 
growing problems for the Air Traffic 
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Controllers and, as the volume of traffic 
grows, more and more devices, including 
Radar, are being pressed into service in an 
endeavour to bring the air liners to safe 
anchorage with a minimum of delay, of 
stacking, of orbiting and of danger. 


The more intricate the system of Air 
Traffic Control grows, the more does 
ultimate safety depend on absolute obedience 
and discipline from the pilot and on the 
“human factor” of those operating on the 
ground. The picture of many air liners flying 
round built-up areas and of a queue 
stretching perhaps from London to the south 
coast cannot be viewed with equanimity. 

The ingenuity displayed and the organising 
genius employed in preparing the present 
traffic pattern command respect and admira- 
tion, but any solution of the problem of the 
future on present lines can only be achieved 
at the expense of complete loss of the 
“freedom of the air” over much of the 
British Isles. In addition, the increased 
consumption of fuel, wear and tear of 
engines, and the rising operating costs there- 
from, all resulting from the present system of 
queueing, add to the passenger fare. 

British Overseas Airways Corporation has 
estimated that normal flying operations of 
the Bristol Brabazon II may cost £400 an 
hour. One hour’s delay in landing because 
of queueing will add £400 to the cost of an 
inbound voyage. This is equivalent to a 
premium of £4 a head, if 100 passengers are 
carried. 

There must be an alternative, however 
drastic in conception, to the present method 
of control and of landings. As the speeds 
of air liners increase and jet and prop-jet 
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aircraft are introduced, and as the frequency 
of schedules increases with the growing 
popularity of air travel, the problem may 
well defeat those who are trying to find a 
solution to it. The correct solution would 
appear to be to restore the “freedom of the 
air” above the towns and countryside by the 
removal of almost every class of fixed-wing 
air liner from airports in the vicinity of cities. 


Ships of the ocean-going steamship services 
do not expect berthing arrangements in the 
centre of a city; they anchor as soon as they 
reach harbours on the coasts and they 
prepare for such anchorage as soon as the 
coastline is within sight. It would seem that 
air liner traffic ultimately must follow suit 
because of the limited size of the British 
Isles; their crowded condition, the size of the 
population and distribution of cities, and 
above all, the vagaries of a climate which 
introduces so many complications. 


If, instead of directing all air traffic 
towards one airport close to London, it were 
separated and dispersed to air strips on the 
south, east and west coasts, many advantages 
would accrue, including the following : — 


(a) The “freedom of the air” would be 
restored to Light Aeroplane Clubs and 
to the private owner, 


(b) The Royal Air Force, at present per- 
plexed about its training areas in Great 
Britain because of air liner movements 
in Southern England, would be given 
more room for manceuvre. 


(c) Pilots would begin their “let-down” 
procedure over the sea, knowing that 
there were no obstacles or built-up areas 
in the track of descent. 


(d) Commercial aircraft would no longer 
cause annoyance to householders by 
operating, especially at nights, close to 
their homes. 


(e) The ceiling under which Instrument 
Approach Landings could be completed 
might be lowered with safety with a 
consequent increasing schedule of flights 
satisfactorily completed, because the air 
liner would be approaching from the sea 
to an anchorage at the shoreline. 


(f) Queueing would not be required since, 
with the provision of several air strips 
along a coast, traffic could be diverted 
as weather conditions dictated, allowing 

a higher percentage of visual contact 

landings than there are at present. 
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(g) The whole problem of Air Traffic 
Control would be eased. 


(h) The inland areas of the British Isles 
would be left clear for the full develop- 
ment of helicopter services. 


Under this plan there would be a number 
of landing strips on the west coast of 
England and Scotland for traffic to and from 
the Western Hemisphere; air liners on these 
routes normally cross the west coast on their 
approach to London. In this connection the 
existing landing strip at Filton Aerodrome, 
Bristol, as well as the commercial airports at 
Cardiff, Liverpool and Prestwick, would be 
useful. They should be reinforced by the 
provision of a number of new strips facing 
westwards. Consideration might be given to 
their construction from a harbour seawards. 
The harbour could then provide flying-boat 
facilities with helicopter services for the rapid 
conveyance of passengers to London or other 
destinations. 

On the south coast a number of long 
landing strips should be laid down for all 
traffic from the Middle East, India, South 
Africa and Australasia. On the east coast 
similar strips in Lincolnshire, Yorkshire, 
Essex and Scotland would be required for 
the more distant Continental services. 

These landing strips should be provided 
with minimum facilities only, such as fueling 
facilities, and cover for the transfer in bad 
weather of passengers, baggage, mails and 
freight to waiting helicopters. Broad roads 
of an “autobahn” character should connect 
the air strips with main highways. 

Passengers would be transferred at once, 
without formality, from the incoming air 
liner at the coastal air strip, to waiting 
helicopters. These would convey them to 
the city of their destination where Customs, 


‘Health and Immigration authorities could be 


waiting. Thus traffic would first be dispersed 
among many coastal landing strips and 
secondly, dispersed among many cities of 
destination or, several helicopter sites in a 
large city such as London, By this plan 
dispersal, instead of concentration, would 
become the key to safer landings, a smooth 
traffic flow and the rapid disposal of 
passengers and baggage. As speeds increase 
rapid handling becomes of prime importance. 

The passengers of a jet-propelled air liner 
of 1960 which may cross non-stop from 
New York to London in five hours, will 
feel acutely the expenditure of another 60 
minutes in waiting in a queue for a landing 
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turn in bad weather or spending an hour 
passing through Customs, Immigration, 
Health and other administrative checks. This 
60 minutes’ terminal delay may not appear 
to be so great after an ocean flight lasting 
fifteen hours, but as the elapsed time shrinks, 
so does terminal delay become interminable. 

Such a plan for dispersal of commercial 
air liners to the coasts could only operate in 
conjunction with a helicopter service capable 
of handling all traffic to and from London, 
other cities, and the coastal landing strips. 

At present a helicopter attempting to 
operate a scheduled service on an internal 
air route is kept earthbound if its point of 
departure is in a Traffic Controlled Zone. 
This is because incoming air liners flying 
under Instrument Control in conditions of 
reduced visibility must be given priority. 
Thus the helicopter must await its turn for 
take-off and landing. If the fixed-wing air 
liner is moved to the coast, the air becomes 
clear for the full development of inter-city 
helicopter services. 

It may be assumed that all the cross- 
channel air services between British cities 
and Paris, Brussels, Amsterdam and other 
centres not more than 300 miles away by air 
from British cities, will change over from 
fixed-wing to helicopter services by 1960. It 
has been calculated that even the 100 m.p.h. 


helicopter can set down its passengers in a 
city centre up to 300 miles distance from 
point of departure, more rapidly than an air 
liner cruising at 300 m.p.h. Terminal delay 
at either end of the air journey would absorb 
up to 45 minutes of road travel. During that 
total of 90 minutes the helicopter would have 
covered at least a third of its journey. 

Since the bulk of the heavy traffic from 
the Continent arriving in, or departing from, 
London is cross-channel traffic, the Air 
Traffic Controllers would be relieved of a 
considerable ‘burden once this traffic was 
helicopter-borne. 

There would remain the medium-distance 
traffic. Air liners flying 700 to 1,000 miles 
would be operating distances which were too 
short to warrant a halt at the coast and too 
long to enable the helicopter at destination to 
cut the journey time appreciably. Traffic 
from the Scandinavian countries, Berlin. 
points East, the Balkans, Spain, Portugal, and 
Turkey could still be routed to London 
Airport. Its volume might be such as to 
cause no inconvenience to the R.A.F. oper- 
ating in the south; or insufficient to interfere 
with Light Aeroplane Club activities or 
helicopter services, while the volume would 
be more than sufficient to justify the capital 
costs sunk in the deveiopment of London 


Airport. 
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REVIEWS 


AVIATION MEDICINE—ITS THEORY AND PRACTICE. K. G. Bergin. J. Wright & Sons, 
Bristol. 1949. 448 pp. 120 illustrations. 35s. net. 


This book covers a wide field of subjects and the space devoted to them does 
not appear to be related to their respective importance in the field of Aviation 
Medicine. The bulk of the subject matter and illustrations have been taken from 
previously published authoritative publications. 

Purported to be the first work to cover such a range of subiects, this book 
can claim originality in its omission of much important data and the inclusion of 
not a few inaccuracies. 

While in his Preface the author states that this book is intended for the medical 
profession, it is to be hoped that the chapter on diet and nutrition may not reach 
the travelling public or those concerned with catering matters in civil aviation. To 
feed passengers 2-hourly on the menus suggested would, it is felt, embarrass the 
ingenuity of not only the caterer but also those engaged in the intricacies of 
the remaining payload and revenue potentials after all accoutrements essential for the 
comfort of the passenger have been deducted. Nevertheless this book is likely to 
have a market among lay readers desirous of having an acquaintance with the 
author’s subjects. 

The book has been well presented by the publishers. The good quality paper 
and clear type indicates a return to the high pre-war standard for which they were 
renowned. The illustrations are good and well produced. 


THERMODYNAMICS APPLIED TO HEAT ENGINES. E. H. Lewitt. Pitman & Sons Ltd. 
London. 1950. Fourth Edition. 750 pp. Index. Illustrated. £1 10s. net. 


In the fourth edition of this well-known book, the author has revised the text, 
and made considerable additions to bring it up to date. Several new chapters have 
been added dealing with recent developments. The gas turbine is considered, both 
as a jet propulsion unit for aircraft, and applied to industrial purposes, some 
space being devoted to various gas turbine cycles. As rotational speeds have 
increased and the uses of the cathode ray oscilloscope developed, the technique of 
measurement of rapidly fluctuating pressures has altered considerably, and one new 
chapter is devoted to developments in this field. Other new features include chapters 
dealing with rotary compressors, present day problems in the combustion process 
in I.C. engines, and modern steam plant practice. 

For readers not familiar with this work, one may say that it is comprehensive 
and deals with practically all aspects of Heat Engines and Thermodynamics. The 
opening chapters are devoted to general thermodynamics, followed by a chapter 
on reciprocating air compressors. From here, the author proceeds to the properties 
of steam, and the theory of the steam engine and turbine. Problems of refrigeration 
are dealt with, and after discussing the properties of various fuels, internal com- 
bustion engines are considered in some detail. Some space is devoted to the kinetic 
theory of gases and the effects of the variation of their specific heats with temperature, 
large scale total heat/entropy charts for air being included in the text. 

Generally speaking, this is a very useful text-book, although one would have 
liked to see the gas turbine, which is rapidly becoming of increasing importance, 
considered in greater detail. In this connection, where the gas velocities approach 
sonic conditions, more information on compressible flow and Mach number effects 
would have been useful. 

The author has certainly succeeded in his attempt to provide a text-book 
covering the syllabuses for the B.Sc.(Eng.) and the Institution of Mechanical 
Engineers’ examinations in this subject. A useful feature in this respect is the list 
of examples taken from appropriate examination papers at the end of each chapter. 

The book is well set out and printed on good quality paper, and considering 
its size, not expensive at thirty shillings. 
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C.1212-¥ Mk.5 
BUTTON SWITCH 


For Undercarriage Retraction 
with Electrical Lock and 
Emergency Over-ride 


VAY, T Yt 


A selection of switches representing 
types fitted to the following aircraft : 


Airspeed Ambassador + Armstrong Whitworth A.W. 52 and Apollo 
Avro Athena ond Tudor 9 « Avro Canada C.102 and CF.100 
Blackburn Universal Freighter Bristol Brabazon 2 
English Electric Canberra . Hawker Sea Hawk 
Saunders Roe Princess and S.R.A! : Short Solent 
Vickers Armstrongs Valetta and Varsity 
Westland Wyvern and 1.12 48 Trainer 


C.1820-Y Type 
PRIMING SWITCH 
for 2 or 4-engined Aircraft 


C€.1223-Y Type 
LEVER SWITCH 


for Flap. Bomb Door, 
Air Brake Control, etc. 


C.1220-Y Type 
DRUM SWITCH 
for Flap, Air Brake Control, etc. 
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Sizes : 3-00 x 34 tail wheel to 64x 
22°50/26” main wheel. 


Treads: Smooth, patterned, ribbed, 
twin-contact. 


and helicopters. 
Light Duty-- for small aire 


Heavy Duty—for medium an 
high performance aircraft. 


Extra Heavy Duty—for mul 4 
engined aircraft up to th 
largest liners. 
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